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SOT .in PH ASF. SVNTH ESIS OF NJ jT-D ISUBSTmJTED DIAZACYCLOALKYLCARB OXY 
DERIVATIVES 



FIELD OF THE INVENTION 

This invention is directed to tiie solid jdiase syntiiesis of N,N-disubstitoted 
diazacycloakylcarboxy derivatives. 



BACKGROUND OF THE INVENTION 

10 

Solid-phase synthetic techniques, in which a reagent is immobilized on a polymeric material 
which is inert to tiie reagents and reaction conditions employed, as well as being insoluble in the media 
used, are important synthetic tools. A polymeric reagent has the advantage of ease of separation from 
low molecular weight reactants or products by filtration or selective precipitation. The polymeric 

1 5 reagent can also be used in excess to effect fast and quantitative reactions such as in the case of 

acylations, or a large excess of reactants may be used to drive the equilibrium of the reaction towards 
product formation to provide essentially quantitative conversion to product, as seen in solid phase 
peptide synthesis. A further advantage of supported reagents and catalysts is the fact that they are 
recyclable and that they lend easily to automated processes. In addition, supported analt^ of toxic and 

20 odorous reagents are safer to use. 

Diazacycloalkyl-2-carboxy derivatives, especially piperazine-2-carboxamide groups, are present 
in numerous pharmacologically active compounds including, for example, famesyl protein transferase 
inhibitors ( See International Application No. PCT/US96/04172); platelet aggregation inhibitors (&e 
U.S. Patent No. 4,923,870); Factor Xa inhibitors (See International Application No. PCT/GB97/000270); 

25 alpha 1 adrenorecptor antagonists (See International Application No. PCT/US96/15223); tachj^dnin 
receptor antagonists (See U.S. Patent 5,344,830); and angiotensin II ant^nists (See International 
Application Nos. PCT/US92/041 89 and PCT/US94/05789). 'nius,flie development of new synthetic 
methodology for preparing piperazine-2-ca]:1>oxamides, particularly solid phase synthetic techniques 
which are especially useful for synthesis of large numbers of compounds through automated parallel 

30 synthesis or combinatorial library generation, is central to tfie rapid discovery of new tiier^utic agents 
containing this functionality. 

The solid phase synth^is of piperazine-2-carboxamide compounds is described in Breitenbucher 
et al., Tetrahedron Lett., 1998, 39, 1295-1298, in DUanni Carroll et al., Bioor. Med. Chem. Lett 1998, 8, 
3203 and in U.S. Patent No. 5,734,054. 



wo 00/77519 



2 



PCT/USOO/16243 



SUMMARY OF THE INVENTION 

In its principle aspect, this invention is directed to a method of preparing N,N-disubstituted 
5 diazacycloakylcarboxy derivatives of formula 



o 



wherein 

XisNHR'orOH 
R' is H, aliphatic or aromatic; 
10 L' and are independently -Y'R^ or -Y^^ 

and R^ are independently aliphatic or aromatic; 
Y' and Y^ are independently -C(OK -CiPyO-, -C(0)NR*- or -SOr; 
R* is H, aliphatic or aromatic; and 



15 



is a 5-8 membered diazaheterocyclyl ring, 
comprising 

( 1 ) removing one of P' or from a resin-bound diprotected diazacycloalkylcarbojsy derivatives of 
formula 



20 

wherein 
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® 



is a solid support; 
L is absent or a linking group; and 

one of P' and is a base-labile nitrogen protecting group and the other of P' and P^ is a Metal-labile 
nitrogen protecting group, 

(2) introducing one of L' or L^ 

(3) removing the other of P' or P^, 

(4) introducing the other of L' or and 

(5) isolating the diazacycloalgrlcarboxy derivative. 

In another aspect, this invention is directed to a method of preparing a diazacycloakylcarboxy 
derivative of formula 



"w^ierein 

XisOHorNR^* 

is -C(0>, -C(0)0- or -SO2-; 
Z is -CXOHDR'^or .NR"R»^ 

R^ R*, R', R'°, R" and R'^ are independently H, aliphatic or aromatic; 
R^ is aliphatic or aromatic; 
R^ is aliphatic or aromatic; and 




CHjR^Z 




is a S-8 membered diazaheterocyclyl ring. 



comprising 



(1) removing P^ from a resin-bound diazacycloakylcaiboxy derivative of formula 



wo 00/77519 



4 



PCT/USOO/16243 



o 



(i)— L-Z' — R'— CHj - 




wherein 



© 



^— ^ is a solid support; 
L is absent or a linking group; 

is a nitrogen protecting group; 
V is -0C(0)- or -OC(0>NR"-; and 
R*^ is H, aliphatic or aromatic, 

(2) introducing the group L^ 

(3) isolating the diazacycloakylcarboxy derivative. 

In another aspect, this invention is directed to a method of preparing a substitiited hydantoin of 

fdnnula 




wherein 



is Y*R'^ 

is -C(0)-, -C(0)0-, -C(0)NR«- or -SOj-; 
R" is aromatic; 
R'* is aliphatic or aromatic; and 
R'^ is H, aliphatic or aromatic; 

comprising reacting acid with a resin-bound diazacycloakylcarboxy derivative of formula 




wherein 
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is a solid support; 
X is -O- or -MR"-; 
L is absent or a linking group; and 
R" is H, aliphatic or aromatic. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions of Terms 

As used above, and throughout the description of the invention, the following terms, unless 
otherwise indicated, shall be understood to have tiie following meanings. 

"Combinatorial library" or "chemical library" mean an intentionally created collection of 
di£f^i^ molecules which can be prepared synthetically and screened for biological activity in a variety 
of different formats (e.g., libraries of soluble molecules; and libraries of compounds tethered to resin 
beads, silica chips, or other solid suppoits). The term is also intended to refer to an intentionally created 
collection of stereoisomers. 

"Combmatorial synthesis" or "combinatorial chemistry" refers to an ordered strategy for the 
synthesis of diverse compounds by sequential addition of reagents which leads to the generation of lai^e 
chemical libraries. Thus, c(»nbinatCHrial chemistry refers to the systematic and repetitive, covalent 
connection of a set of different "building blocks" of varying structures to each other to yield large arrays 
of diverse molecular entities. 

"Diazacycloalkyl" means a non-aromatic monocyclic ring which contains 2 nitrogen atoms and 
from about 3 to about 6 carbon ring atoms. The diazacycloalkyl is optionally substituted with one or 
more "ring system substituents" which may be the same or different, and are as defined herein. 
Representative diazacycloakyl groups include imidazolidinyl, pyra;^lidinyl, piperazinyl, 
homopiperazinyl, and the like. 

"Diazacycloakylcarboxy derivative" means a diazacycloalkyl as defined herein in which one of 
the ring carbon atoms is substibited with a carboxy derivative, wherein die carboxy derivative is a 
carboxamide, caiboxylic acid or a carboxylic ester, i.e. a group of formula -C(0>X wherein X is OH, 
OR' or NR' and R' is H, aliphatic or aromatic. 

"Solid suj^rt" means a substrate which is inert to tiie reagents and reaction conditions 
desiaibed herem, as well as being substantially insoluble in the media used. Representative solid 
supports include inorganic substrates such as kieseiguhr, silica gel, and controlled pore glass; organic 
polymers such as polystyrene, including 1-2% copolystyrene divinyl benzene (gel form) and 20-40% 
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copolystyrene divinyl benzene (macro porous form), polypropylene, polyethylene glycol, 
polyacrylamide, cellulose, and the like; and composite inorganic/polymeric compositions such as 
polyacrylamide supported within a matrix of kieselguhr particles. See JM. Stewart and J.D. Young, 
Solid Phase Peptide Synthesis, 2nd. Ed., Pierce Chemical Co. (Chicago, IL, 1984). 
5 In addition, "solid support" includes a solid suppt»t as described above which is affixed to a 

second inert sui^rt such as the pins described in Technical Manual, Multipin™ SPOC, Chiron 
Technologies (1995) and references cited therein which comprise a detachable polyethylene- or 
polypropylene-based head grafted with an amino functionalized methacrylate copolymer and an inert 
stem. 

10 In addition, "solid support" includes polymeric supports such as the polyethylene glycol supports 

described by Janda et al.. Proa NatL Acad. Sci. USA, 91, 6419-6423 (1995) and S. Brenner, WO 
95/1 69 1 8, which are soluble in many solvents but can be precipitated by the addition of a precipitating 
solvent. 

"Linking group" and "linker" mean a group through which a fimctional group such as an alcohol, 

15 a carboxylic acid, an amine or an amide may be covalently linked to the solid support. The linking group 
is generally inert to the reagents and reaction conditions described herein. The linking group, under 
chemical treatment, can release the functional group from the resin at the end of the synthesis. 

"Nitrogen protecting group" means an easily removable group which is known in the art to protect 
an amino group against undesirable reaction during synthetic procedures and to be selectively removable. 

20 The use of N-protecting groups is well known in the art for protecting groups against undesirable 

reactions during a synthetic procedure and many such protecting groups are known. See for example, 
TJL Greene and P.G.M. Wuts, Protective Groups in Organic Syndesis, 2nd edition, John Wiley & Sons, 
New York ( 1 99 1 ), the contents of which are incorporated herein by reference. Representative nitrogen 
protecting groups include fotmyl, acetyl, chloroacetyi, trichloroacetyl, o-nitrq>henylacetyl, o- 

25 nitroi^enoxyacetyl, trifluoroacetyl, acetoacetyl, 4-chlorobutyryI, isobutyryl, o-nitrocinnamoyl, 

picolinoyl, acylisolfaiocyanate, aminocaproyl, benzoyl, metho;g%arbonyl, 2,2,2-triflu(HY>etho:gAca^ 
2-trimethylsilyletfaxoycarbonyl, vinyloxycarlK>nyl, allyloxycarbonyl, ^lm^loxycarbonyl (BOC), 1,1- 
dimethylpropynyloxycarbonyl, benzyloxycarbonyl (CBZ), p-nitrcqihenylsulfinyl, p- 
nitrobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyI, allyloxycarbonyl (Alloc), 

30 1-isopropylallyloxycarbonyl, cinnamyloxycarbonyl and 4-nitrocinnamylo}iycarbonyl, 
9-fluorenylmethoxycarbonyl (fmoc), 9-(2-sulfo)fluorenylmethox3«art>onyl, 
9-(2,2-dibromo)-fluorenylmethoxycarbonyl and the like. 
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"Base-labile nitixigen protecting group" means a nitrogen protecting group as de&ed herein 
which is readily removed by treatment with an amine base. Representative base-labile nitrogen 
protecting groups include 9-fluorenyhnethoxycarbonyI (finoc), 9-(2-sulfo>fluorenylmethoxycarbonyl, 
9-(2,2-dibromo)-fluorenylmethoxycarbonyl and the like. 
5 "Metal-labile nitrogen protecting group" means a nitrogen protecting group as defined herein 

which is readily removed by treatment with Pd(0). Representative Metal-labile nitrogen protecting 
groups include allyioxycarbonyi (Alloc), l-isopropylallylox)«arbonyl, cinnamyloxycarbonyl, 4- 
nitrocinnamyloxycarbonyl, and the like. 

"Symmetrical diamine" means a molecule widi two identical amino groups. Examples of 
10 symmetrica] diamines include piperazine, 4-amino-aniline, and 4-aminomethyl-ben2ylamine. 

"Aliphatic" means a radical derived from a non aromatic C-H bond by removal of the hj/drogen 
atom. The aliphatic radical may be further substituted by additional aliphatic or aromatic radicals. 
Representative aliphatic groups include alkyl, alkenyl, allQ^yl, cycloalkyl, cycloalkenyl, heterocyclyl, 
heterocyclenyl, aralkenyl, aralkyloxyalkyl, aralkyloxycarbonylalkyi, aralkyi, aralkynyl, 
IS aralkyloxyalkenyl, heteroaralkrayl, heteroaralkyl, heteroaralkyloxyalkenyl, heteroaralkylo^Q^alkyl, 
heteroaralkynyl, fused arylcycloalkyl, fused heteroarylcycloalkyl, fused aryicycloalkenyl, fiised 
heteroarylcycloalkenyl, fused arylheterocyclyl, fused heteroaiylheterocyclyl, fused arylheterocyclenyl, 
fused heteroarylheterocyclenyl as used herein. "Aliphatic", as used herein, also encompasses the 
residual, non-carboxyl portion of natural and unnatural amino acids as defined herein. 
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"Aromatic" means a radical derived from an aromatic C-H bond by removal of the hydrogen 
atom. Aromatic includes both aryl and heteroaryl rings as defined herein. The aryj or heteroaryl ring 
may be further substituted by additional aliphatic or aromatic radicals as defined herein. Representative 
aromatic groups include aryl, fiised cycloalkenylaryl, fused cycloalkylaryl, fused heterocyclylaryl, fused 
5 heterocyclenylaiyl, heteroaryl, fiised cycloalkylheteroaryl, fused cycloalkenylheteroaiyl, fused 
heterocyclenylheteroaiyl, fused heterocyclylheteroaryl, and the like. 

"Acyl" means an H-CO- or alky l-CO- group wherein the alkyl group is as defined herein. 
Preferred acyls contain a lower alkyl. Exemplary acyl groups include formyl, acetyl, propanoyl, 2- 
mediylpropanoyt, butanoyl and palmitoyl. 
10 " Acylamino" is an acy 1-NH- group wherein acyl is as defined herein. 

"Alkenoyl" means an alkenyl-CO- group wherein alkenyi is as defined herein. 

"Alkenyl" means a straight or branched aliphatic hydrocarbon group of 2 to about 15 carbon 
atoms which contains at least one carbon-carbon double bcmd. Preferred alkenyl groups have 2 to about 
12 carbon atoms; more preferred alkenyl groups have 2 to about 4 carbon atoms. The alkenyl group is 
1 5 optionally substituted with one or more &\kyl group substituents as defined herein. Representative 

alkenyl groups include ethenyl, propenyl, w-butenyl, i-butenyl, 3-methylbut-2-enyl, n-pentenyl, heptenyl, 
octenyl, cyclohexylbuteny! and decenyl. 

"Alkenyloxy" means an alkenyl-O- group wherein the alkenyl group is as defined herein. 
Representative alkenyloxy groups include allyloxy or 3-butenyloxy. 
20 "Alkoxy" means an alkyl-O- group wherein the alkyl group is as defined herein. Representative 

alkoxy groups include methoxy, ethoxy, »-propoxy, /-propoxy, »-butoxy, heptoxy, and the like. 

"Alkoxyalky!" means an alkyl-O-alkylene- group wherein alkyl and alkylene are as defined 
herein. Representative alkoxyalkyl gr<Hips include methoxyethyl, ethoxymethyl, «-butoxymethyl and 
cyclopentylmethyloxyeAyl. 
25 "Alkoxyalkojq/" means an alkyl-O-alkylenyl-O- group. Representative alkoxyalko:^ include 

metho:gmiethoxy, metfioxyethoxy, ethoxyeUioxy, and the like. 

"Alkoxycarbonyl" means an ester group; i.e. an alkyl-O-CO group wherein alkyl is as defined 
herein. Representative alkoxycarbonyl groups include methoxycaiix>nyl, ethoxycarbonyl, t- 
btityloxycarbonyl, and the like. 
30 "Alkoxycarbonylalkyl" means an alkyl-O-CO-alkylene- group wherein alkyl and alkylene are as 

defined herein. Representative alkoxycarbonylalkyl include metfioxycarbonylmethyl, and 
ethoxycarbonylmethyl, methoxycarbonyl ethyl, and the like. 

"Alkyl" means an aliphatic hydrocarbon group which may be a straight chain, or branched 
chain, having about 1 to about 20 carbon atoms in the chain. Preferred alkyl groups have 1 to about 12 
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carbon atoms in the chain. Branched means that one or more lower alltyl groups such as methyl, ethyl or 
propyl are attached to a linear alkyl chain. "Lower alkyl" means about 1 to about 4 carbon atoms in the 
chain which may be straight or branched. The alkyl is optionally substituted with one or more "alkyl 
group substituents" which may be the same or different, and include halo, cycloalkyl, hydroxy, alkoxy, 
5 amino, carbamoyl, acylamino, aroylamino, carboxy, alkoxycarbonyl, aralkyloxycarbonyl, and 
heteroaralkyloxycarbonyl. Representative alkyl groups include methyl, trifluoromethyl, 
cyclopropylmethyl, cyclopentyimethyl, ethyl, n-propyl, /"-propyl, w-butyl, /-butyl, w-pentyl, 3-pentyl, 
methoxyethyl, carboxymethyl, methoxycarbonylethyl, benzyloxycarbonylmethyl, and 
pyridylmethyloxycarbonylmetbyl. 

10 "Alkylene" means a straight or branched bivalent hydrocarbon chain of 1 to about 6 carixm 

atoms. The alkylene is optionally substituted with one or more "alkylene group substituents" which may 
be the same or different, and include halo, cycloalkyl, hydroxy, alkoxy, carbamoyl, carboxy, cyano, aryl, 
heteroaryl or oxo. The alkylene is optionally interrupted by, i.e., a carbon witiiin the alkylene moiely is 
substituted for, -0-, -S(0)„, (where m is 0-2), phenylene or -NR'- (where R' is lower alkyl). Preferred 

15 alkylene groups are the lower alkylene groups having 1 to about 4 carbon atoms. Representative 
alkylene groups include mediylene, ethylene, and the like. 

"Alkenylene" means a straight or branched bivalent hydrocarbon chain containing at least one 
carbon-carbon double bond. The alkenylene is optionally substituted with one or more "alkylene group 
substituents" as defined herein. The alkenylene is optionally interrupted by, i.e., a carbon within tiie 

20 alkenylene moiety is substituted for, -O, -S(0)„ (where m is 0-2), phenylene or -NR'- (where R' is 
lower alkyl). Representative alkenylene groups include -CH=CH-, -CH2CH=CH-, -C(CH3)=CH-, - 
CH2CH=CHCH2-, and the like. 

"Alkynylene" means a straight or branched bivalent hydrocarbon chain containing at least one 
carbon-carbon triple bond. The alkynylene is optionally substituted with one or more "alkylene group 

25 substituents" as defined herein. The alkynylene is optionally interrupted by, i.e., a carbon thereof is 
substituted for, -O, -SiOX, (where m is 0-2), phenylene or -NR'- (where R' is lower alkyl). 
Representative alkynylene include 

— CHECH—, — CH=CH-CH2— , — CHiCH-CH(CH3) , the like. 

"Alkylsulfinyl" means an alkyl-SO- group wherein the alkyl group is as defined herein. 
30 Preferred alkylsulfinyl groups are those wherein the alkyl group is lower alkyl. 

"Alkylsulfonyl" means an alkyl-SOj-group wherein the alkyl group is as defmed herein. 
Preferred alkylsulfonyl groups are those wherein the alkyl group is lower alkyl. 
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"Alkylsulfonylcarbamoyr means an aIkyi-SO2-NH-C0- group wherein the alkyl group is as 
defined herein. Preferred alkylsulfonylcarbamoyl groups are those wherein the alkyl group is lower 
alkyl. 

"Alkylthio" means an alkyl-S- group wherein the alkyl group is as defined herein. Preferred 
5 alkylthio groups are those wherein the alkyl group is lower alkyl. Representative alkylthio groups 
include methylthio, ethyhfaio, i-propylthio, heptylthio, and the like. 

"Alkynyl" means a straight chain, or branched chain, aliphatic hydrocarbon group of 2 to about 
IS carbon atoms which contains at least one carbon-carbon triple bond. Preferred alkynyl groups have 2 
to about 12 carbon atoms. More preferred alkynyl groups contain 2 to about 4 carbon atoms. "Lower 
10 alkynyl " means alkynyl of 2 to about 4 carbon atoms. The alkynyl group may be substituted by one or 
more alkyl group substituents as defined herein. Representative alkynyl groups include ethynyt, 
jHOpynyl, 

»-butynyl, 2-butynyl, 3-methylbutynyl, »-pentynyl, heptynyl, octynyl, decynyl, and the like. 

*'AIkynyloxy" means an alkynyl-O- group wherein the alkynyl group is as defined herein. 
15 Representative alkynyloxy groups include propynyloxy, 3-butynyloxy, and the like. 

"Alkynyloxyalkyl" means alkynyl-O-alkylene- group wherein the alkynyl and alkylene are as 
defined herein. 

"Amidino" or "amidine" means a group of formula C-NR^° wherein R" is selected from 
hydrogen; R^'O-; R^'C(0>; R^'OjC- wherein R^' is hydrogen, alkyl, aralkyl or heteroaralkyl; cyano; 
20 alkyl; nitro; and amino, and R^ is selected fi-om hydrogen; alkyl; aralkyl; and heteroaralkyl. 

"Amino" means a group of formula Y ^V»»N-whereinYl»' and Y^^ are independently 

hydrogen; acyl; or alkyl, or Y ^ ^ and Y^^ taken together with the N through which Y ' and Y^'' are 
linked form a 4 to 7 membered azaheterocyclyl. Representative amino groups include amino (H2N-), 
methylamino, dimethylammo, diethylamino, and the like. 
25 "Aminoalkyr* means an amino-alkyiene- group wherein amino and alkylene are as defined 

herein. Representative aminoallQ^l groups include aminomediyl, aminoethyl, dimethylaminomethyl, and 
the like. 

"Aralkenyl" means an aiyl-alkenylene- group wherein tiie aryl and alkraylene are define herein. 
Preferred aralkenyl groups contain a lower alkenylene moiety. A representative aralkenyl group is 
30 2-phenethenyI. 

"Aralkyloxy" means an aralkyl-0- group vdierein aralkyl group is as defined herein. 
Representative aralkoxy gr<Hips include benzyJoxy, naphth-l-ybnetfaoxy, naphth-2-ylmetfaoxy, and the 
like. 
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"Aralkyloxyalkyl" means an aralkyl-O-alkylene- group wherein the araU^l and the alkylene are 
as defined herein. A representative aralkyloxyalkyl group is benzyloxyethyl. 

"Aralkyloxycarbonyl" means an aralkyl-O-CO- group wherein aralkyi is as defined herein. A 
representative araUcoxycarbonyl group is benzyloxycarbonyl. 
5 "Aralkyloxycarbonylalkyl" means an aralkoxycarbonyl-alkylene- wherein aralkyloxycarbonyl 

and alkylene are as defined herein. Representative aralkoxycarbonylalkyls include 
benzyloxycarbonylmethyl, benzyloxycartxjnylethyl. 

"Aralkyi" means an aryl-alkylene- gnnip wherein the aryl and alkylene are as defined herein. 
Preferred aralkyls contain a lower alkyl moiety. Representative aralkyi groups include ben^l, 2- 
10 phenethy], naphthlenemethyl, and the like. 
!^ "Aralkyloxyalkenyl" means an aralkyl-O-alkenylene- group wherein the aralkyi and alkenylene 

5 are as defined herein. A representative aralkyloi^alkeny] group is 3-benzyIo3tyalIyl. 

: •p_ "Aralkyisulfonyl" means an aralkyl-S02- group wherein the aralkyi is as defined herein. 

I# "Aralkylsulfinyl" means an aralkyl-SO- group w*erein the aralkyi is as definaJ herein. 

1 5 "Aralkyhhio" means an aralkyl-S- group wherein tiie aralkyi is as defined herein. A 

representative aralkylthio group is benzylthio. 
ji "Aroyl" means an aryl-CO- group wherein the aryl is as defined herein. Representative aroyi 

;= include benzoyl, naphth- 1-oyl and naphth-2-oyl. 

"CycloalkyI" means a non-aromatic mono- or multicyclic ring system of about 3 to about 10 
20 carbon atoms, preferably of about 5 to about 10 carbon atoms. Preferred cycloalkyl rings contain about 5 
to about 6 ring atoms. The cycloalkyl is optionally substituted with one or more "ring s}^tem 
substituents" which may be the same or different, and are as defined herein. Representative monocyclic 
cycloalkyl include cyclopentyL, cyclohexyl, cycloheptyl, and the like. Representative multicyclic 
cycloalkyl include 1-decaIin, norbomyl, adamantyl, and the like. The prefix spiro before cycloalkyl 
25 means that geminal substituents on a cart>on atom are replaced to fcsm 1 , 1 -cycloalkyl. 

"Cycloalkylene" means a bivalent radical derived from a cycloalkyl as defined herein by 
removal ofa hydrogen atom from each oftwo ring atoms. Preferred (^cloalkylenes have about 4 to 
about S carbon atoms. Preferred cycloalkylenene groups include cis or trans 1,2-, 1,3-, or 1,4- 
cycldiexylene. 

30 "Cycloalkenyl" means a non-aromatic mono- or multicyclic ring system of about 3 to about 1 0 

carbon atoms, preferably of about S to about 10 carbon atoms which contains at least one carbon-carbon 
double bond. Preferred cycloali^lene rings contain about S to about 6 ring atoms. The (^cloalkenyl is 
optionally substituted with one or more "ring system substituents" which may be the same or different, 
and are as defined herein. Representative monocyclic cycloalkenyl groups include cyciopentenyl, 
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cyclohexenyl, cycloheptenyl, and the like. A representative multicyciic cycloalkrayl groups is 
norbomylenyl. 

"Heterocyclenyl" means a non-aromatic monocyclic or multicyclic ring system of about 3 to 
about 1 0 ring atoms, preferably about 5 to about 10 ring atoms, in which one or more of the atoms in the 
5 ring system is/are element(s) other than carbon, for example a nitrogen, oxygen or sulfiir atoms, and 
which contains at least one carbon-carbon double bond or carbon-nitrogen double bond. Preferred 
heterocyclenyl rings contain about 5 to about 6 ring atoms. The prefix aza, oxa or thia before 
heterocyclenyl means that at least a nitrogen, oxygen or sulfur atom respectively is present as a ring 
atom. The heterocyclenyl is optionally substituted by one or more ring system substituents, which may 

10 be the same or different, wherein "ring system substituent" is as defined herein. The nitrogen or sulphur 
atom of the heterocyclenyl is optionally oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide. 
Representative monocyclic azaheterocyclenyl groups include 1,2,3,4- tetrahydropyridine, 
1,2-dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine, l,4,S,6-tetrahydropyrimidine, 2- 
pyiroliny], 3-pyrrolinyl, 2-imidazolinyl, 2-pyra2olinyl, and the like. Representative oxaheterocyclenyl 

1 S groups include 3,4-dihydro-2/f-pyran, dihydrofuranyl, fluorodihydrofuranyl, and the like. A 

representative multicyclic oxaheterocyclenyl group is 7-oxabicycIo[2.2.1]heptenyI. Representative 
monocyclic thiaheterocyclenyl groups include dihydrothiophenyl, dihydrothiopyranyl, and the like 

"Heterocyclyl" means a non-aromatic saturated monocyclic or multicyclic ring system of about 3 
to about 10 ring atoms, preferably about 5 to about 10 ring atoms, in which one or more of the atoms in 

20 the ring system is/are element(s) other than carbon, for example nitrogen, oxygen or sulfur. Preferred 

heterocyclyls contain about 5 to 6 ring atoms. The prefix aza, oxa or thia before heterocyclyl means that 
at least a nitrogen, oxygen or sulfur atom respectively is present as a ring atom. The heterocyclyl is 
optionally substituted by one or more "ring system substituents" which may be the same or different, and 
are as defined herein. Representative monocyclic heterocyclyl rings include piperidyl, pyrrolidinyl, 

25 piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyI, 1,4-dioxanyl, tetrahydrofiiranyl, 
tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like. 

"Aiyl" means an aromatic monocyclic or multicyclic ring system of 6 to about 14 carbon atoms, 
preferably of about 6 to about 10 carbon atoms. The aryl is optionally substituted vnih one or more "ring 
^rstem substituents" which may be the same or different, and are as defined herein. Representative aryl 

30 groups include phenyl and naphtiiyl. 

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system of about S to about 1 4 
ring atoms, preferably about 5 to about 1 0 ring atoms, in which one or more of Hoe atoms in the ring 
system is/are eiement(s) other than caifoon, for example nitrogen, oxygen or sulfur. Preferred heteroaiyls 
contain about 5 to 6 ring atoms. The "heteroaryl" is optionally substituted by one or more "ring system 
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substituents" which may be the same or different, and are as defined herein. The prefix aza, oxa or thia 
before heteroaryl means that at least a nitrogen, oxygen or sulfur atom respectively is present as a ring 
atom. A nitrogen atom of a heteroaryl is optionally oxidized to the corresponding N-oxide. 
Representative heteroaryls include pyrazinyl, furanyl, thienyl, pyridyl, pyrimidinyl, isoxazolyl, 
5 isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, 
I^T^myl, pyridazinyl, quinoxalinyl, phthalazinyl, imidazo[l,2-a]pyridine, imidazo[2,l-b]thiazolyl, 
benzofiirazanyl, indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl, thienc^yridyl, 
quinazolinyl, thienopyrimidyl, pyrroiopyridyl, imidazopyridyl, isoquinolinyl, benzoazaindolyl, 
1,2,4-triazinyl, benzothiazolyl and tiie like. 

10 "Fused arylcycloalkenyl" means a radical derived fix>m a fused aryl and cycloalkenyl as defined 

herein by removal of hydrogen atom from the cycloalkenyl portion. Preferred fused arylcycloalkenyls 
are those wherein aiyl is ph^yl and the cycloalkenyl consists of about 5 to about 6 ring atoms. The 
fused arylcycloalkenyl is optionally substituted by one or more ring system substituents, which may be 
the same or different, wherein "ring system substituent" is as defined herein. Representative fused 

1 S arylcycloalkenyl include 1,2-dihydron^bdiylene, indene, and the like, in which the bond to the parent 
moiety is through a non-aromatic carbon atom. 

"Fused cycloalkenylaryl" means a radical derived from a fused arylcycloalkenyl as defined 
herein by removal of hydrogen atom from the aryl portion. Representative fused cycloalkenylaryl are as 
described herein for a fused arylcycloalkenyl, except that the bond to the parent moiety is through an 

20 aromatic carbon atom. The fused cycloalkenylaryl is optionally substituted by one or more ring system 
substituents, which may be the same or different, wherein "ring system substituenf ' is as defined herein. 

"Fused arylcycloalkyl" means a radical derived from a fused aryl and cycloalkyl as defined 
herein by removal of a hydrogen atom from the cycloallqrl portion. Preferred fused arylcycloaikyis are 
those wherein aryl is phenyl and the cycloalkyl consists of about 5 to about 6 ring atoms. The fiised 

25 arylcycloalkyl is optionally substituted by one or more ring system substituente, which may be the same 
or different, wherein "ring system substituent" is as defined herein. Representative fiised arylcycloalkyl 
mcludes 1,23,'^tetrahydronaphthyl, and llie like, in which the bond to the parent moiety is through a 
non-aromatic carbon atom. 

"Fused cycloalkylaiyl" means a radical derived from a fiised arylQ'cIoalkyl as defined herein by 

30 removal of a hydrogen atom from the aryl portion. Representative fused cycloalkylaryl are as described 
herein for a fused arylcycloalkyl radical, except that the bond to the parent moiety is through an aromatic 
carbon atom. The fused cycloalkylaiyl is optitmally substituted by CHie or more ring ^stem substituents, 
which may be the same or different, ^nitoiBin "ring system substituent" is as defined herein. 
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'Tused aiylheterocyclenyr means a radical derived from a fused aryl and heterocyclenyl as 
defined herein by removal of a hydrogen atom from the heterocyclenyl portion. Preferred fused 
arylheterocyclenyls are those wherein aryl is phenyl and the heterocyclenyl consists of about 5 to about 6 
ring atoms. The prefix aza, oxa or thia before the heterocyclenyl portion of the fused arylheterocyclenyl 
5 means that at least a nitrogen, oxygen or sulfur atom respectively is present as a ring atom. The fused 
arylheterocyclenyl is optionally substituted by one or more ring system substituents, which may be the 
same or different, wherein "ring system substituent" is as defined herein. The nitrogen or sulphur atom 
of the heterocyclenyl portion of the fused arylheterocyclenyl is optionally oxidized to the coire^onding 
N-oxide, S-oxide or S,S-dioxide. Representative fused atylheteroc3%lrayl include 3H-indolinyl, lH-2- 

10 oxoquinolyl, 2H-l-oxoisoquinolyl, 1,2-dihydroquinolinyl, 3,4-dihydroquuioIinyI, 1,2- 

dihydroisoquinolinyl, 3,4-dihydroisoquinolmyl, and the like, in which the bond to the parent moiety is 
through a non-aromatic carbon or nitrogen atom. 

"Fused het^txyclenylaryr means a radical derived from a fused arylheterocyclenyl as defined 
herein by removal of a hydrc^en atom from Ae aryl portion. Representetive fused heterocyclenylaiyl are 

15 as defined herein for a fused arylheterocyclenyl radical, except that the bond to the parent moiety is 

tiirough an aromatic caibon atom. The fused heterocyclenylaryi is optionally substituted by one or more 
ring system substituent, which may be the same or different, wdierein "ring system substituent" is as 
defined herein. 

"Fused arylheterocyclyl" means a radical derived from a fused aryl and heterocyclyl as defined 
20 herein by removal of a hydrogen atom from the heterocyclyl portion. Preferred fused arylheterocyclyls 
are those wherein aryl is phenyl and the heterocyclyl consists of about 5 to about 6 ring atoms. The 
prefix aza, oxa or thia before heterocyclyl means that at least a nitrogen, oxygen or suifiir atom 
respectively is present as a ring atom. The fused arylheterocyclyl is optionally substituted by one or 
more ring system substituents, which may be the same or different, wherem "ring system substituent" is 
25 as defined herein. The fused arylheterocyclyl is <^tionalIy substituted by one or more ring system 

substituents, which may be the same or different, wherein "ring system substituent" is as defined herein. 
The nitrogen or sulj^ur atom of the heterocryrclyl portion of die fiised ary]hetm)cyc]yl is optionally 
oxidized to the correspcmding N-oxide, S-oxide or S,S-dioxide. Representative prefeir^ fused 
arylheterocyclyl ring systems include phflialimide, 1,4-benzodioxane, indolinyt, 1,23,4- 
30 tetrahydroisoquinoline, 1,2,3,4-tetrahydroquinoIine, lH-2,3-dihydroisoindolyl, 23- 

dihydrobenz[f]isoindolyl, l^,3,4-tetrahydroben2{g]isoquinolinyl, and the like, in which the bond to the 
parent moiety is through a non-aromatic carbon atcmi. 

"Fused heterocyclylaryP means a radical derived from a fused aiyheterocyclyl as defined herein 
by removal of a hydrogen atom from the heterocyclyl portion. The fiised heterocyclylaryl is optionally 
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substituted by one or more ring system substitaents, which may be the same or different, wherein "ring 
system substituent" is as defmed herein. Representative prefeired fused heterocyclylaryl ring systems are 
as described for fused arylhetaocyclyl, except that the bond to fte parent moiety is tfarou^ an aromatic 
carbon atom. 

"Fused heteroarylcycloalkenyl" means a radical derived from a fused heteroaryl and 
cycloalkenyl as defined herein by removal of a hydrogen atom from the cycloalkenyl portion. Preferred 
fused heteroaiylcycioalkenyls are those wherein the heteroaryl and the cycloalkenyl each contain about 5 
to about 6 ring atoms. The prefix aza, oxa or thia before heteroaryl means that at least a nitrogen, 
oxygen or sulfur atom respectively is present as a ring atom. The fused heteroarylcycloalkenyl is 
optionally substituted hy one or more ring system substituents, wherein "ring system substituent" is as 
defined herein. The nitrogen atom of the heteroaryl portion of the fused heteroarylcycloalkenyl is 
optionaliy oxidized to tiie corresponding N-oxide. Representative fused heteroarylcycloalkenyl include 
S,6-dihydroquinolyl, 5,6-dihydroisoquinolyl, 5,6-dihydroquinoxalinyl, S,6-dihydroquina2ioIinyl, 4,5- 
dihydro-lH-benzimidazolyl, 

4,S-dihydrobenzoxazolyl, and the like, in which the bond to the parent moiety is through a non-aromatic 
carbon atom. 

"Fused cycloalkenylheteroaryr means a radical derived from a fused heteroarylcycloalkenyl as 
defined herein by removal of a hydrogen atom from the heteroaryl portion. The fused 
cycloalkenylheteroaryl is optionally substituted by one or more ring system substiments, wherem "ring 
system substituent" is as defined herein. Representative fused cycloalkenylheteroaryl are as described 
herein for fused heteroarylcycloalkenyl, except that the bond to the parent moiety is through an aromatic 
carbon atom. 

"Fused heteroarylcycloalkyl" means a radical derived from a fused heteroaryl and cycloalkyl as 
defined herein by removal of a hydrogen atom from the cycloalkyl portion. Preferred fused 
heteroarylcycloalkyls are those wherein the heteroaryl thereof consists of about 5 to about 6 ring atoms 
and the cycloalkyl consists of about 5 to about 6 ring atoms. The prefix aza, oxa or lliia before heteroaryl 
means th^a at least a nitrogen, o^Q^gen or sulfiir atom is present respectively as a ring atom. The fused 
heteroarylcycloalkyl is optionally substituted by one or more ring system substituents, wherein "ring 
system substituent" is as defined herein. The nitrogen atom of the heteroaryl portion of the fused 
heteroarylcycloalkyl is optionally oxidi2ed to the correspondmg M-oxide. Representative fused 
heteroarylcycloallQ^l include 5,6,7,8-tetrahydn>quinolinyl, 5,6,7,8-tetrahydroisoquinolyl, 
5,6,7,8-tetrahydroquinoxalinyl, 5,6,7,8-tetrahydioquinazoIyl, 4,5,6,7-tetrahydro-lH-benzimidazolyl, 
4,5,6,7-tetrahydrobenzoxa2olyl, 1 H-4-oxa- 1 ,5-diazanaphtiialen-2-onyl. 
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l ,3-dihydroimidizole-[4,5]-pyridiii-2-onyl, and the like, in which the bond to the parent moiety is 
through a non-aromatic carbon atom. 

"Fused cycloalkylheteroaryl" means a radical derived from a fused heteroatylcycloalicyl as 
defined herein by removal of a hydrogen atom from the heteroaryl portion. The fused 
cycloalkylheteroaryl is optionally substituted by one or more ring system substituents, wherein "ring 
system substituent" is as defined herein. Representative fused cycloalkylheteroaryl are as described 
herein for fused heteroarylcycioall^l, except diat the bond to the parent moiety is through an aromatic 
carbon atom. 

"Fused heteroarylheterocyclenyr means a radical derived from a fused heteroaryl and 
heterocyclenyl as defined herein by the removal of a hydrogen atom from the heterocyclenyl portion. 
Preferred fused heteroarylheterocyclenyls are those wherein the heteroaiyl thereof consists of about 5 to 
about 6 ring atoms and the heterocyclenyl consists of 4 to 7, preferably, about 5 to 6 ring atoms. The 
prefix aza, oxa or thia before heteroaryl or heterocyclenyl means that at least a nitrogen, oxygen or suiAir 
atom is present respectively as a ring atom. The fused heteroaiylheterocyclenyi is optionally substituted 
by one or more ring system substituents, which may be the same or different, wfa^in "ring system 
substituent" is as defined herein. The nitrogen atom of the heteroaryl portion of the fused 
heteroarylheterocyclenyl is optionally oxidized to the corresponding N-oxide. The nitrogen or sulphur 
atom of the heterocyclenyl portion of the fused heteroarylheterocyclenyl is optionally oxidized to the 
corresponding N-oxide, S-oxide or S,S-dioxide. Representative fused heteroarylheterocyclenyl include 
7,8-dihydro[ 1 ,7]naphthyrldinyl, 1 ,2-dihydro[2,7]naphthyridinyl, 6,7-dihydro-3H-imidazo[4,5-c]pyridyl, 
l,2-dihydro-l,5-naphthyridinyl, l,2-dihydro-l,6-naphthyridinyl, l,2-dihydro-l,7-naphthyridinyI, 1,2- 
dihydro-l,8-naphthyridinyI, l,2-dihydro-2,6-naphthyridinyl, and tilie like, in which the bond to the parent 
moiety is through a non aromatic carbon or nitrogen atom. 

"Fused heterocyclenylheteroaryl" means a radical derived from a fused heteroarylheterocyclenyl 
as defined herein by the removal of a hydrc^en atom from the hetm}aryl portion. The fused 
heterocyclenylheteroaiyl is optionally substituted by one or more ring system substituents, wherein "ring 
syst»n substitiienf ' is as defined herein. Representative fused heterocyclenylheteroaiyl are as described 
herem for fiised heteroaiylheterocyclenyi, except tiiat the bond to Ifae parent moiety is through an 
aromatic carbon atom. 

"Fused heteroaiylheterocyclyr means a radical derived from a fused heteroaryl and heterocyclyl 
as defined herein, by removal of a hydrogen atom from the heterocyclyl portion. Preferred fiised 
heteroaiylheterocyclyls are those wherein the heteroaiyl thereof consists of 4 to 7, preferably 5 to 6 ring 
atoms and the heterocyclyl consists of 4 to 7, preferably 5 to 6 ring atoms. The prefix aza, oxa or thia 
before the heteroaiyl or heteocyclyl portion of the fiised heteroaiylheterocyclyl means that at least a 
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nitrogen, oxygen or sulfur atom respectively is present as a ring atom. The fused heteroarylheterocyclyl 
is optionally substituted by one or more ring system substituents, wherein "ring system substituent" is as 
defined herein. The nitrogen atom of the heteroaryl portion of the fiised heteroarylheterocyclyl is 
optionally oxidized to the corresponding N-oxide. The nitrogen or sulphur atom of the heterocyclyl 
portion of the fused heteroarylheterocyclyl is optionally oxidized to the corresponding N-oxide, S-oxide 
or S,S-dioxide. Representative fused heteroarylheterocyclyl include 2,3-dihydro-lH pyrrol[3,4- 
b]quinolin-2-yl, 

1,2,3,4-tetrahydrobenz [b][l,7]naphthyridin-2-yl, 1,2,3,4-tetrahydrobenz [b][l,6]naphtiiyridin-2-yl, 
l,2,3,4-tetrahydro-9H-pyrido[3,4-b]indol-2yl, l,2,3,4-tetrahydro-9H-pyrido[4,3-b3indol-2yl, 
2,3,-dihydro-lH-pynrolo[3,4-b]indol-2-yl, lH-2,3,4,5-tetrahydroa2epino[3,4-b]indol-2-yl, 
lH-23,4,5-tetrahydroazepino[4,3-b]indol-3-yI, lH-2,3,4,5-tetrahydroazepino[4,5-b]indol-2 yl, 
5,6,7,8-tetrahydro[l,7]napthyridinyl, l,2,3,4-tetrhydro[2,7]naphftyridyl, 

2.3- dihydro[ 1 ,4]dioxino[2,3-b]pyridyl, 2,3-dihydro[ 1 ,4]dioxino[2,3-b]piyidyl, 

3.4- dihydro-2H-l-oxa[4,6]diazanaphthalenyl,4,5,6,7-teteahydn>-3H-imidazo[4,5-c]pyridyi, 
6,7-dihydro[S,8]diazanaphthalenyl, 1^3.4-tetrahydro[l,5] nap^yridmyl, 

1 ,23,4-tetrahydro[ 1 ,6]napAyridiny], I A3,4-tetrahydro[ 1 ,7]napthyridiny 1, 

l,23,4-tetrahydro[l,S]napthyridinyl, l,2,3,4-tetrahydro[2,6]napthyridinyI, and the like, m which the 
bond to the parent moiety is through a non-aromatic carbon or nitrogen atom. 

"Fused heterocyclylheteroaryl" means a radical derived from a fused heteroaryl and heterocyclyl 
as defined herein, by removal of a hydrogen atom from the heteroaryl portion. The fused heterocyclyl 
and heteroaryl is optionally substituted by one or more ring system substituents, wherein "ring system 
substituent" is as defined herein. Representative fiised heterocyclylheteroaryl are as described herein for 
fused heteroarylheterocyclyl, except that the bond to the parent moiety is through an aromatic carbon 

"AraUgTiyl" means an aryl-alkynylene- group wherein aryl and alkynylene are defined herein. 
Representative aralkynyl groups include phenylacetyleny! and 3-phenyibut-2-ynyl. 

"Aryldiazo" means an aiyl-N=N- group wherein aryl is as defined herein. Representative 
aryldiazo groups include phenyldiazo and naphthyldiazo. 

"Aiylcarbamoy 1" means an aryl-NHCO- group, wherein aiyl is as defined herein. 

"Benzyl" means a phenyl-CHj- group. Substituted benzyl means a benzyl group in which the 
phenyl ring is substituted with one or more ring system substituaits. Representetive benzyl include 4- 
l»omoben^l, 4-metfaoxybenzyl, 2,4-dimetfaoxybenzyl, and the like. 
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"Carbamoyl" means a group of formula wherein Y^^ and Y^* are defined herein. 

Representative carbamoyl groups include carbamyl (H2NCO-), dimethyiaminocaibamoyl (Me2NCO-X 
and the like. 

"Carboxy" and "carboxyl" mean a HO(OX^- group (i.e. a carbo^Q^lic acid). 

"Carboxyalkyr means a HO(0)C-alkyiene- group wherein alkylene is as defined herein. 
Representative carbo^Qralkyls include carboxymethyl and carboxyethyl. 

"CycIoalkylojQr" means a cycloalkyl-O- group wherein cycloalkyi is as defined herein. 
Representative cycloalkylo:^ groups include cyclopentyloxy, cyclohejQrlo^, and the like. 

*T>iazo'' means a bivalent -N=N- radical. 

"Ethylenyl" means a -CH=CH- group. 

"Halo" or "halogen" mean fluoro, chloro, bromo, or iodo. 

"Heteroaralkenyl" means a heteroaiyl-alkenylene- group wherein heteroaryl and alkenylene are 
as defined herein. Preferred heteroaralkenyls contain a lower alkenylene moiety. Representative 
heteroaralkenyl groups include 4-pyridylvinyl, tfaienyletfaenyl, pyridylethenyl, imidazolyledienyl, 
pyrazinylethenyl, and the like. 

"Heteroaralkyl" means a heteroaryl-alkylene- group wherein heteroaryl and alkylene are as 
defined herein. Preferred heteroaralkyls contain a lower alkylene group. Representative heteroaralkyl 
groups include thienybnethyl, pyridylmethyl, imidazolylmethyl, pyrazanylmetfayl, and the like. 

"Heteroaralkyloxy" means an heteroaralkyl-O- group wherein heteroaralkyl is as defined herein. 
A representative heteroaralkyloxy group is 4-pyridylmethyloxy. 

"Heteroaralkyloxyalkenyl" means a het^aralkyl-Oalkenylene- group wherein heteroaralkyl 
and alkenylene are as defined herein. A representative heteroaralkyloxyalkenyl groi^ is 
4-pyridylmetfaylo;tyalIyl. 

"HeteroaraIkylo}Qralkyr means a heteroaralkyl-O-alkylene- group v^erein heteroaralkyl and 
alkylene are as defined herein. A representative heteroaralkyloxy group is 4-pyridyhnethyloxyethyl. 

Hetoroaralkynyl" means an heteroaryl-alkynylene- group wherein heteroaryl and alkynylene are 
as defined herein. Preferred heteroaralkynyls contain a lower alkynylene moiety. Representative 
heteroaralkynyl groups include pyrid-3-ylacetyIenyI, quinolin-3-ylacetylenyl, 4-pyridylethynyl, and the 
like. 

"HeteroaroyI" means an means a heteroaryl-CO- group wherein heteroaryl is as defined herein. 
Representative heteroaroyl groups include tiiiophenoyl, nicotinoyl, pyrrol-2-ylcarbonyl, pyridinoyl, and 
the like. 

"Heteroaryldiazo" means an heteroaiyl-N=N- group wherein heteroaryl is as defined herein. 
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"Heteroarylsulphonylcarbamoyr means a heteroaryl-S02-NH-CO- group vfh&reln hetemsryl is 
as defined herein. 

"Heterocyclylalkyl" means a heterocyclyl-alkylene- group wherein heterocyclyl and alkylene are 
as defined herein. Preferred heterocyclylalkyls contain a lower alkylene moiety. A representative 
heteroaralkyl group is tetrahydropyranylmethyl. 

"Heterocyclylalkylo^^alkyl" means a heterocyclylalkyl-O-alkylene group wherein 
heterocyclylalkyl and alkylene are as defined herein. A representative heterocyclylallQflojQralkyl group 
is tetrahydrop3rranylmetfayloxymetiiyl. 

"Heterocyclyloxy" means a hetero^clyl-O- group wherein heterocyclyl is as defined herein. 
Representative het^ocyclyloxy groups include quinuclidylojQ^, pentametfaylenesulfideoxy, 
tetrahydropyranyloxy, tetrahydrothiophenylojg^, pyrrolidinylojQ^, tetrahydroiuranyio3Qr, 
7-oxabicycIo[2.2. 1 jheptanyloxy , hydroxytetrahydropyranyloxy, 
hydn»Qr-7-oxabicyclo[2.2.1]heptanylaxy, and the like. 

"HydroxyaHgrl" means an alkyl group as defined herein substituted with one or more hydroxy 
groups. Preferred hydroxyalkyls contain lower alkyl. Representative hydroxyaikyl groups include 
hydroxymettiyi and 2-hydroxyethyl. 

"N-oxide** means a """N**"* group. 

"Phenoxy" means a phenyl-O- group wherein fte phenyl ring is optionally substituted -with one 
or more ring system substituents as defined herein. 

"Phenylene" means a -phenyl- group wherein tiie phenyl ring is optionally substituted with one 
or more ring sysbaa substituents as defined herein. 

"Phaiylthio" means a phenyl-S- group wherein the phenyl ring is optionally substituted with one 
or more ring system substituents as defined herein. 

"Pyridyloxy" means a pyridyl-O- group wherein the pyridyl ring is optionally substituted with 
one or more ring qrstem substituents as defined herein. 

Hing system substituent" means a substituent which optionally replaces a hydrogen CH or 'NH 
constituent of an aromatic or non-aromatic ring system. Ring system substituents are selected from the 
group consisting of aryl, heteroaryl, aralkyi, aralkenyl, aralkynyl, heteroaralkyl, heteroaralkenyl, 
heteroaralkynyl, hydroxy, hydroxyaikyl, alkoxy, aiyloxy, aralkoxy, acyl, aroyi, halo, nitro, cyano, 
carboxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, 
heteroarylsulfonyl, alkylsulfinyl, aiylsulfinyl, heteroaryisulfinyl, alkylthio, arylthio, heteroaryhhio, 
arallgrlthio, heteroaralkyhhio, cycloalkyl, cycloaikenyl, heterocyclyl, heterocyclenyl, aiyldiazo, 
heteroaryldiazo, amidino, Y^^^V, V^^-alkyl-, Y^*Y^^CO- or Y^^Y^^SOz-, wherein Y** 
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and independent^ hydrogen, alkyi, aryl, or aralkyl, or additionally, where the sufostituent is 

Y^*Y^- or Y^^^^-alkyl-, then one of Y^* and Y^* is acyl or aroyi and the other of Y^* and Y^^ 
is hydrogen, alkyl, aryl, and aralkyl. ^^Hien a ring system is saturated or partially saturated, the "ring 
system substituent" further comprises methylene (H2C=), oxo (0=) and thioxo (S=). 

5 "Sulfamoyl" means a group of formula Y*^2aj^S02- wherein Y^* and are as defined 

herein. Representative sulfamoyl groups are sul&moyl (H2^SC>2-) and dimethylsulfamoyl (Me2NSC)2- 
). 

s * Preferred Embodiments 

a ■ " 

10 The solid phase synthesis of N,N-di5ufostituted diazacycloakylcarbo^Qr derivatives acconling to 

this invention is outlined in Scheme 1 M^ierein X, R', P^, L' and are as defined herein. The groups 
Iji R^ L' and may be further substituted and may contam fimctional groups suitable for further chemical 

transformations while attached to the resin. It is understood that when these fimctional groups possess 
reactivity such that they could potentially interfere with the reactions described below, such functional 
J 1 5 groups should be suitably protected. For a comprehensive treatise on the protection and deprotection of 
I JL common functional groups see T.H. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 

• ^ 2nd edition, John Wiley & Sons, New York (1991 ), ttie contents of which are hereby incorporated herein 

; 'p by reference. 



Schone 1 
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or L2 




U or L2 



According to the foregoing Scheme 1 , the amino resin 2 is prepared by reductive amination of a 
resin of formula la with an amine of formula HMR' using, for example, sodium triacetojQ'borohydride, 
sodium cyanoborohydride or sodium borohydride in acetic acid/DMF, or by nucleophilic displacement of 
the leaving group LG from the resin of fonnula lb with an amine of formula HNR^ in the presence of 
base. Preferred leaving groups are Br and CI. 

Preferred resins suitable for reductive alkylation wifli an amine of formula HNR' include: 
3,5-dimethoxy-4-formyl-phenoxymethyl-copoly(styrene-divinyibenzene)-resin (BAL lesin), designated 
herein as 



o 




3-methoxy-4-fonnyl-phenoxymet]iyl- copoly(styrene-divinyIbenzene)-resin, designated herein as 
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Preferred resins suitable for alkylation -witfi an amine of formula NHR' include: 
4-(chlorometfayl)phenoxymethyl-copo]y(styrene-divinylbenzene>Fesin, designated herein as 




4-(4-bromomethyl)phenoxymetfiyl-copoly(styrene-divinylbenzene)-resin, desipiated herein as 

4-brom(Hnefhyl-3-nitro-benzamidomethyI- copoly(styrene-diviny]benzene)-resin (Baldwin, J. Am. 
Chem. Soc. 1995, 1 17, 5588), designated herein as 

Resin 2 (R'=H) can also be i^epared iiom commercially available protected amino resin Ic by 
removal of tiie base labile nitrogen protecting group using for example piperidine in dimediyl 
formamide. Preferred protected amino-resins include: 

Fmoc-Rink amide resin 4-(2%4'-dimethoxyphenyl-Fmoc-aminomethy]>-pheno:Qr resin available from 
Iron, USA designated herein as 




Coupling of the amino resin 2 with a N,N-diprotected diazacycloalkyi carboxylic acid derivative 
3 in a suitable organic solvent such as dimethylformamide, dichloromethane, DMSO or THF using 
methods and rea^nts well-known m the art of amide bond formation results in formation of the resin- 
bpund N^N-diprotected diazacycloalkyi carboxamide compound 4 (X= NR'). Coupling times range fiom 
^>out 2 to about 12 hours, depending upon the amino resin and N,N-diprotected diazacycloalkyi 
carboxylic acid derivative to be coupled, activating agent, solvent and temperature. The coupling is 
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accomplished at from about -10 X to about 50 °C, preferably at about ambient temperature. The 
carboxylic acid moiety is activated with an appropriate activating agent such as isopropyl chloroformate 
in the presence of N-methylpiperidine, diisopropylcarbodiimide (DIC) in the presence of 1- 
hydroxybenzotriazole (HOBT), bis(2-oxo-3-oxazolidinyl)-phosphonic chloride (BOP-Cl) in the presence 
5 of triethylamine, 2-(lH-benzotriazole-l-yl>1.133-tetramethyluroniumtetrafluoroborate(TBTU) inthe 
presence of diisopropylethyl amine, N-hydroxysuccinimide in the presence of dicyclohexylcarbodiimide 
Q3CC), bromo-tris>pyiTolidhio-phosphonium hexafluorophosphate (Pybrop), and the like. Alternatively^ 
the caiboxylic acid moiety of the N,N-dii»otected diazacycloalkyl carijojQrlic acid derivative 3 may be 
converted to a reactive derivative such as tiie acid chloride or flucuide or a symmetrical or mixed 
10 anhydride which is then reacted witii the amino resin. 
'2 Resin bound N>I-diprotected diazabicycloakyl carboxamide compound 4 (X= O) is prepared by 

m reaction of a hydroxymethyl resin (Id) with a N,N-diprotected diazacycloalkyl carboxylic acid derivative 

m - 3 in a suitable oi^ic solvent such as dimethylformamide, dichlorometiiane, DMSO or THF using 

methods and reagents well-known in the art of ester bond formation. Preferred conditions include 
1 5 diisopropylcarbodiimide/dimethyl amino pyridine or the so called Yamaguchi mediod with 2,6- 
: =? dichlorobenzoyl chloride and pyridine. Preferred hydroxymethyl resins include Wang resin (4-{4- 

hydroxymethyl)phenoxymethyl-copoly(styrene-divinylbenzene)-resin commercially available from Irori, 
USA designated herein as: 

^OH 



One of the nitiogen protecting groups P' and P^ is then selectively removed by treatment of Ifae 
resin-bound N,N-diprotected diazacycloalkyl carboxamide compound 4 with base or metal to ibnn the 
resin-bound monoin-otected diazacj'cioaUgrl carboxy derivative 5 or 6. 

Preferred base-labile nitrogen protecting groups include 9-fiuorenyImethoxycarbonyl, 
25 9-(2-suIfo)fluorenylmedioxycarbonyl and 9-(2,2-dibromo>fluorenylmetho}Qrcarbonyl, and the like, 
which are removed by treatment with, for example, piperidine, morpholine, dicyclohe^grlamine, 
dimethylaminopyridine, diisopropylethylamine, tetrabutylamonium fluoride, and the like in a suitable 
solvent such as DMF. 

A more preferred base-labile nitrogen protecting group is 9-fluorenylmethoxycarbonyl which is 
30 removed by treatment with piperidine in DMF. 

Preferred Metal-labile nitrogen protecting groups include allyloxycarbonyl. 
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l-isopn^lallyloxycarbonyl, ciimamyloxycarbonyl and 4-nitrocinnamyloxycarbonyl, and the like which 
are removed by treatmrait with Ni(CO)4, in DMF/HjO, Pd(Ph3P)4 and BujSnH in acetic acid, Pd(Ph3P)4 
and morpholine, Pd(Ph3P)2Cl2 and BujSnH in 4-nitrophenol, PdaCdbaVCHCIs in HCO2H, and the like. 

A more preferred metal-labile nitrogen protecting group is allyloxycarbonyi which is removed 
by treatment with Pd(0), preferably Pd(Ph3P)4 and morpholine. 

The group of formula L' or is then introduced into the resin-bound monoprotected 
dia2acycloalkyl carboxy derivative_5 or 6 to form the resin-bound mono-N-acylated mono-N-protected 
diazacycloalkyl carboxy derivative 7 or 8. When L' or is a group of fonnuIa-C(0)-R\ -C(0)-R', - 
C(0)0-R\ 

-C(0)0-R^ -C(0)N(R*>R^ or -C(0)N(R*)-R^ the acylation is accomplished using methods and reagents 
commonly used in the art of amide bond formation as described above for llie conversion of 3 to 4. 
When K* is H, acylation is also accomplished using the isocyanate of formula R^CO or R^CO. 

When or is -SOjR^ or -SO2B?, sulfonylation is accomplished using a sulf<Hiyl chloride of 
formula ClSOjR^ or CIS02R^ in tiie presence of a base such as pyridine or N-methylmorpholine in an 
inert organic solvent such as dichloromethane. 

The resin-bound mono-N-acylated mono-N-protected diazacycloalkyl carboxy derivative 7 or 8 
is then converted to Ae resin-bound N,N-disubstituted diazacycloalkyicarboxy derivative 9 by removal 
of the other of P' and P^ and introduction of the other of L' and using the procedures described above. 

Treatment of the resin-bound N,N-disubstituted diazacycloalkyl carboxy derivative 9 with acid, 
preferably trifluoracetic acid in dichloromethane, results in formation of the N,N-disubstituted 
diazacycloalkyicarboxy derivatives 10. 




In a more preferred aspect of the foregoing iHjOcess, 

In anodier more preferred aspect of the foregoing process, P' is a base-labile nitrc^en protecting 
25 ^up and P^ is a Metal-labile nitrogen protecting group. 



In a still more preferred aspect, the foregoing process comprises removing the base-labile 
nitr(^en protecting group P' from a resin-bound diprotected diazacycloalkyl-2-carboxy derivative of 
f(Hinula 
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(2) introducing ifae group L' , 

(3) removing the metal- labile nitrogen protecting group P^, 

(4) introducing the group and 

(5) isolating the diazacycloalkyl-2-carboxy derivative. 



An alternative solid phase synthesis of N,N-disubstituted diazacycloalkylcarboxy derivatives is 
outlined in Scheme 2 wherein Z\ Z, R^, R*, R'3-*.R' and are as defined herein. 

Scheme 2 
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(S)— L-OH + HOOC-R'— N P 



11a 



12a 



O 

(s)— L-O^LG + HN-R'— NH 
1^ 12b 



(S)— L-OH + HOOC-R'— LG 
11a 12c 



(s)— L-Z^R — NH 



HOOC- R'— LG 
12d 



(i)-L-2^R'- 



(s)- L -r- R'- CHj- 1^^^ 



OH 



O 

x-^^NR5R6 
(s)- L - - R CH^- f;^^^ - P ' 

18 



O 



(s)-L-Z'-R'-CH2-N Ja-H 
ta ^ — ^ 



O 

x-^j^— NR5R6 
(s)-L-Z'-R'-CH2-li N-L' 

20 



/--V^NRSRe 
ZR-CHj-lf U-C 

\^ 21 
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According to the foregoing scheme 2, three methods can be used to prepare resin 15 (Z' is O- 
C(0> or 0-C(O>NR"-, LG is a leaving group). Coupling of the hydroxyresin Ha with the carboxylic 
acid derivative 12c or the protected amino-acid 12a (P is a nitrogen protecting group) using standard 
conditions for ester bond formation results in the formation of 13 or 15. Preferred conditions include 
coupling of an acid chloride with the hydroxy resin, the so-called Yamaguchi Method (2,6 
dichlorobenzoyl chloride) and diisopropylcarbodiimide/4-dimethylaminopyridine. 

A preferred hydroxy resin is Wang resin {4-(4-hydroxymethyl)phenoxymethyl-copoly(styrene- 
divinylbenzene)-resin. 

The nitrogen protecting group of 13 is removed using standard deprotection conditions resulting 
in the formation of free amine 14 (Z' is 0-C(0)-). Preferred nitrogen protecting group include include 9- 
fluorenylmethoxycarbonyl which is removed by treatment with, for example, piperidine, morpholine, 
dicyclohexylamine. 

Coupling of the carbonate resin Ub (LGF is a leaving group) with a symmetrical diamine 12b in 
an organic solvent such as dimethyl formamide or dichloromethane results in the formation of 14 (Z' is 
0-C(0)-NR"). A preferred carbonate resin is p-Nitrophenyl carbonate Wang (4-(4-(4- 
nitrophenyicarbonate)hydroxymethyI)phenoxymethyl-copoly(styrene-divinyIbenzene>resin available 
from Novabiochem, USA designated herein as: 



Amide bond between the fiee amine resin 14 and carboxylic acid 12c are formed using the 
conditions described in Scheme 1 above for the conversion of 2 to 3. 

Alkylation of 15, wherein LG is a leaving group, with the mono-N-protected diazacycloalkyl 
carboxylic acid compound 16 results in formation of the resin-bound N-protected diazacycloalkyl 
carboxylic acid compound 17. Alkylation is typically accomplished in the presence of a base such as 
diisopropylethyiapiine in a suitable CH^anic solvent such as DMF at a temperature of from about ambient 
temperature to about 100 "C. Preferred leaving groups are CI and Br. Optionally, a catalyst such as 
potassium iodide may be added to the reaction mixture. 

The resin-bound N-protected diazacycloalkyl carboxylic acid compound 17 is then converted to 
the the resin-bound N-protected diazacycloalkyl carboxamide compound _18 by reaction with the amine 
NHR^R' using the conditions described in Scheme 1 above for the conversion of 2 to 3. More preferred 
conditions are reaction of the resin bound carboxylic acid with pentafluorophenol and 
diisopropylcarbodiimide, followed by reaction witii tfie amine in dimethyl formamide. 
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The nitrogen protecting group P3 is then removed to form the resin-bound carboxy deriv^ve 19 . 

Preferred nitrogen protecting groups are base-labile nitrogen protecting groups and metal-labile 
nitrogen protecting groups. 

More preferred nitrogen protecting groups are metal-labile nitrogen protecting groups selected 
5 from allyloxycarbonyl, I-isopropylallyloxycarbonyl, cinnamyloxycarbonyl and 4- 
nitrocinnamyloxycarbonyl and base-labile nitrogen protectings group selected from 9- 
fluorenylmethoxycarbonyl, 

9-(2-sulfo)fluorenyImethoxycarbonyIand 9-(2^-dibromo)-fiuorenylmethoxycarbonyl. 



10 9-fluorenylmethoxycarbonyl. 

A still yet more preferred nitrogen protecting group is allylo^carbonyl. 

The group is then added using the conditions described in Scheme 1 above to form the resin- 
bound N-substituted diazacycloalkyl carboxy derivative 20. Treatment of 20 with acid as described in 
Scheme 1 above provides the N J<I-disubstituted diazacycloalkyl carboxy derivative 21 . 



The preparation of hydantoin compounds of N-aryl hydantoin compounds of formula 23 'wfaetein 
R", R" and are as defined herein is described in Scheme 3. 



Still more preferred nitrogen protecting groups are allyloxycarbonyl and 



15 



Schemes 



20 




NHR^ 



.14 




As shown in Scheme 3, treatment of the resin-bound aryl carbamate compound 22, prepared as 
described in Scheme 1 above, with acid, preferably trifluoroacetic acid, results in cyclization and 
cleavage from the resin to form the hydantoin 23. 



25 



The process of this invention is especially useful for the rapid synthesis of combinatorial 
libraries containing a large number of diazacycloalkylcarboxy derivative. 



The synthesis of a representative library is of K,N-disubstituted diazacycloalkylcarboxy 
30 derivatives using the process of this invention is outlined in Scheme 4. 
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0-L-CHO ©-L-LG 0-L-fj-P 0_l 



la 



lb 



1c' 



Id 



a) divide into x portions 

b) react with x different HNR^ 

c) recombine tlie x portions 



0-L-X-H 



24 



4 P' 
O 

(^S^L-X--^"^^^^!^^!^^ feniove pi or P2 



4 P' 



remow F or P2 



or ©-L-X 



5 p. 
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a) divide into y portions 

b) react with y different or 

c) recombine the y portions 




U or L2 



a) remove the other of and 

b) dKnde into z portions 

0} inta-oduce z different or 



L' or L2 




As shown in Scheme 4, a single portion of resin la is divided into x smaller portions containing 
^proximately equal amounts of resin. Each pordon of resin la.is then reductively aminated as 
described in Scheme 1 above with a different amine of formula HNR*, wh»e x corresponds to the total 
number of different amines. Alternatively, a resin of formula lb may be reacted with x different 
nucleophilic amines of formula HNR' as described in Scheme 1 above to form x portions of resin 24 (X 
is HNR') each of v^ich contains a different R'. One portion of resin Ic is deprotected to form 24 (X is 
NH2) and one portion of resin Id is left unreacted to form 24 (X=OH). The group X which is substituted 
with O or NR' is referred to herein as the first combinatorial position. The x+2 portions are then 
recombined into a single portion and one of the protecting groups P' or is then removed as described 
in Scheme 1 above to form a mixture of resin-bound monoprotected diazacycloalkylcarboxy derivatives 
5 or 6 containing x+2 different groups at the first combinatorial position. 

The mixture of resm-bound monoprotectedcarboxy derivatives 5 or 6 , is then divided into y 
portions, y different groups L' or are introduced at the second combinatorial position using the 
procedures described in Scheme 1 above and the y portions are recombined to form a single portion, 
refared to herein as the second combinatorial mixture, comprising a mixture of resin-bound N-a(^Iated- 
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mono-N-protected diazacycloalkylcarboxy derivatives 7 or 8 containing all possible combinations of tfie 
X +2 R' groups and y or groups. 

The other of P' and is then removed from the second combinatorial mixture, the resulting 
mixture of resin-bound N-acylated diazacycloalkylcarboxy derivative is divided into z portions and z 
5 different groups L' or are introduced into the third combinatorial position as described above to form z 
portions of resin-bound N,N-disubstituted diazacycloalkylcarboxy derivatives 9. 

The N,N-disubstituted diazacycloalkylcarboxy derivatives 9 are then cleaved from the resin as 
described in Scheme 1 above to give a library of N,N-disubstituted diazacycloalkylcarboxy derivatives 
containing all possible combinations of groups at each of the combinatorial positions. Using the 
1"=^ 10 procedure described above, a library of 10,000 compounds may be readily prepared from reagents 
JS corresponding to 25 R' groups, 20 L' groups and 20 groups. 

• 5 The progress of the combinatorial synthesis may be monitored by use of identifier tags. 

"Identifier tag" denotes a physical attribute that provides a means whereby one can identify a chemical 
i n reaction. The identifier tag serves to record a step in a series of reactions used in the synthesis of a 

15 chemical lil»^. The identifier tag may have any recognizable feature, including for example: a 
'J microscopically or otherwise distinguishable shape, size, mass, color, optical density, etc.; a differential 

absorbance or emission of light; chemical reactivity; magnetic or electronic properties; or any other 

distinctive marie capable of encoding the required information, and decipherable at the level of one (or a 
; , , few) molecules. Identifier tags can be coupled to the solid support. Alternatively, the "identifier tag" 

20 can be coupled directly to the compound being synthesized, whether or not a solid support is used in the 

s3iTithesis. In the latter embodiment, the identifier tag can conceptually be viewed as also serving as the 

"support" for synthesis. 

In a preferred embodiment, a radio-frequency identifier tag is associated with each compound in 
the library. In a library preparation monitored by use of radio-frequency tags, each compound is made in 

25 a polypropylene container with mesh side walls (MicroKan™, available from Irori, La Jolla, California, 
USA) in which resin and a radio fi^uency ^s are placed. The overall synthesis is programmed in a 
ccsnputer which incorporate a scanning station to track the RF-tags. As the MicroKans^ are scanned for 
the first time, a libraiy member is assigned to each code. Along with this assi^mient the MicroKans^ 
are directed toward the vessel for the first combinatorial step. They are then reacted as a batch with the 

30 first set of combinatorial reagents. After the first combinatorial reaction, the MicroKans™ are pooled, 
and the scanner is tiien used to direct the cans into the vessels corresponding to their second 
combinatorial step. And so on for all the combinatorial steps. At the end of tiie synthesis, tiie final scan 
assigns a plate number and a well location to each compound in the library. 
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It is to be understood that this mvention covei^ all appropriate combinations of the paiticular 
preferred groupings referred to herein. 

The foregoing may be better understood by reference to the following examples, which are 
presented for illustration and are not intended to limit the scope of this invention. 

5 

Example 1 
Preparation of BAL Resin 

4-Hydroxy-2,6-dimethoxyben2aldehyde (127.53 g, 700.0 mmol) is dissolved in anhydrous 
10 dimethylformamide (3.0 L). Sodium hydride (26.4 g of 60% sodium hydride in oil, 660.0 mmol) is 
added slowly in poitions to tiie stirring solution at ambient temperature under a flow of nitrogen gas. 
After the sodium hydride addition is complete, the reaction is stirred at ambient temperature for 30 
mmutes. Chloromethylpolystyrene resin (100.0 g of 2.0 mmol/g loaded 150-300 um beads from Polymer 
Laboratories) is added to the ruby red solution and tiie resulting suspension is stirred at ambient 
1 5 temperature for 30 minutes under nitrogen. The nitrogen line is removed and replaced witii a needle to 
vent tiie Teacdoo. The reaction flask is placed in an incubator shaker and mixed for two days at 50 ^C. 
The reaction flask is removed from the oven, cooled in an ice batii, and water (500 ml) is added. The 
resin is filtered off and washed with 1:1 dimethylformamide/methanol (3x), dimethylformamide (3x), 
dichloromethane (3x) and methanol (3x). The resin is then placed in a vacuum oven an dried at ambient 
20 temperature for about 2 days. The resin loading is determined to be ^>proximately 1 .0 mmol/g. 

Example 2 

Preparation of l-Alloc-4-Fmoc-Piperazine-2-carboxylic acid 

25 Step 1: 4-Boc-Piperazine-2-carboxylic acid. 

Piperazine-2-carbo3^1ic acid dihydrochloride ( 1 0.0 g, 49.23 mmol) is dissolved in 1 : 1 
dioxane/water(320ml). 50% Aqueous sodium hydroxide is added to bring the pH to 11. BOC-ON(2- 
(fer/-butoxycarbonyloxyimino)-2-phenylacetonitrile), (15.59 g, 63.32 mmol) is dissolved in dioxane (80 
ml) and added dropwise while maintaining tiie pH at 1 1 with 50% aqueous sodium hydroxide. The 

30 reaction is stirred overnight at ambient temperature. The reaction mixture is tiien extracted witii diethyl 
ether (5 x 250 mi) and acidified to pH 2 with concentrated hydrochloric acid. Hie di-Boc compound is 
tiien extracted out with ethyl acetate (4 x 200 ml) and the acidic aqueous solution contmning the desired 
mono-Boc product is then taken on in the synthesis. 



wo 00/77519 



34 



PCT/USOO/16243 



Step 2: l-Alloo-4-Boc-Piperazme-2-carboxvlic acid. 

The aqueous acidic solution of 4-Boc-Piperazine-2-carboxylic acid prepared above is basified to 
pH 9.5 with 50% sodium hydroxide solution. This solution is cooled in an ice bath and allyl 
chloroformate (6. 1 ml, 57. 1 0 mmol) is added portionwise by syringe while maintaining the pH at 9.5 
5 with 50% sodium hydroxide solution. The ice bath is removed after the addition is complete and the 
reaction mixture is warmed to ambient temperature with stirring overnight. The basic solution is then 
extracted with diethyl ether (4x), acidified to pH 1 .0 with concentrated hydrochloric acid and extracted 
■with ethyl acetate (4x). The combined ethyl acetate extracts are dried over anhydrous magnesium 
sulfate, filtered and concentrated. The resulting oil is placed on a high vacuum line to dry. The title 
1 0 compound (9.1 8 g) is obt^ned as a viscous j'ellow oil. 

Step 3: l-Alloc-Piperazine-2-carboxvlicacid. 

I-Alloc-4<Boc-piperazine-2-cariH)}^iic acid prepared above (9.10 g) is dissolved in 
dichloromethane (100 ml) and trifluoroacedc acid (100 ml) is added. Hie reaction mixture is stirred at 
1 5 ambient temperature for 2.5 hours. It is then concentrated and the residual trifluoroacetic acid is 

azeotroped off with toluene. The resulting viiite solid is dried on a high vacuum line to provide the title 
compound (8.68 g, 94% pure by HPLC analysis). 

Step 4: l-Alloc-4-Fmoc-Piperazine-2-carboxvlic acid. 

20 l-Alloc-piperazine-2-carboxylic acid (8.60 g, 26.20 mmol) is dissolved in water (70 ml). 

Sodium carbonate (6.94 g, 65.50 mmol) is added slowly with stirring. Dioxane (40 ml) is added and the 
reaction mixture is cooled in an ice bath. 9-Fluorenylmethyl chloroformate (6.76 g, 26.20 mmol) is 
added all at once and the reaction mixture is stirred at 0 °C for 5 hours. The ice bath is removed and the 
reaction mixture is warmed to ambient temperature with stirring overnight. The reaction mixture is then 

25 diluted with water (400 ml) and extracted with diethyl ether (4x). The aqueous solution is acidified to 
pH 1.0 with concentrated hydrochloric acid and extracted widi ethyl acetate (4x). The combined ethyl 
acetate extracts am dried over anhydrous magnesium sulfate, fllteied and concentrated. The resulting oil 
is dried under high vacuum line to provide the title compound (12.66 g, 96% pure by HPLC analysis, 
59% overall yield from piperazine-2-carboxylic acid) as a viscous yellow oil. 

30 



Examples 

Preparation of N-butyl l-(3.4-dichlorobenzovl)-4-phenvlsulfonvlpiperaztne-2-carboxamide. 
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Stgp 1 : Reductive Amination on the BAL resin. 

BAL resin is swelled in a 1% acetic acid in dimethylformamide solution. Butylamine (20.0 
mmol) and sodium triacetoxyborohydride (20.0 mmol) are added sequentially. The reaction mixture is 
stirred at ambient temperature for 6.5 hours. The liquid is then removed and the resin is washed with 1 : 1 
dimethylformamide/methanol (2x), dimethylformamide (2x), dichloromethane (3x) and diediyl ether 
(Ix) and dried overnight with a stream of nitrogen gas. 

Step 2: Acylation with l-Alloc-4-fmoc-piperazine-2-carboxvlic acid. 

Dimethylformamide is added to swell the resin prepared in step 1 above. l-Alloc-4-fmoc> 
piperazine-2-carboxyIic acid (ISO.O mmol) is dissolved in dimethylformamide and added to the resin. O- 
Benzotriazol-l-yl>iSr,Ar,JV,iV-tetrametfayluTonium hexafluorophosphate (180.0 mmol) and 
diisopropylethylamine (360.0 mmol) are then added sequentially. Hie reaction mixture is stirred at 
ambient temperature for 6.5 hours. The liquid is removed and the resin is washed widi 
dimethylformamide (3x), dichloromethane (3x) and diethyl ether (Ix) and dried overnight with a stream 
of nitrogen gas. 

Step 3: Fmoc Deprotcction. 

Dimethylformamide and piperidine are added to the above resin prepared m step 2 above and the 
reaction mixture is stirred at ambient temperature for 3.5 hours. The liquid is then removed and the resin 
is washed with dimethylformamide (3x), dichlorometiiane (3x), and diethyl ether (Ix) and dried 
overnight with a stream of nitrogen gas. 

Step 4: Sulfonamide formation. 

The resin prepared is step 3 above is swelled in anhydrous dichloromethane. N- 
Methyhnoipholine (50.0 mmol) and benzenesulfonyl chloride (50.0 mmol) are then added sequentially. 
The reaction mixture is stirred ovemi^t at ambient temperature. The liquid is tiien removed and the 



wo 00/77519 



36 



PCT/USOO/16243 



resin is washed with dimethylformamide (2x), tetrahydrofuran (Ix), dichlorometfiane (2x)^d dietfal 
ether ( 1 x) and dried overnight with a stream of nitrogen gas. 

Step 5: Alloc Deprotection. 
5 Tetrahydrofuran, dtmethylsulfoxide and 0.5N hydrochloric acid (2:2:1) M« added to the resin 

prepared in step 4 above. The reaction flask is flushed with nitrogen and Pd(Ph3P)4<6.98 mmol) and 
morpholine (2500 mmol) are added sequentialiy. The reaction mixture is stirred overnight under a flow 
of nitrogen gas. The liquid is then removed and the resm is washed with tetrahydrofuran (2x), sodium 
diethyldithiocarbamate [0.02M in dimethylformamide] (2x), dimethylformamide (2x), 0.5% 
10 diisopropylediylamine in dichloromeAane (Ix), dichloromethane (3x) and diediyl ether (Ix) and dried 
iS' overnight with a stream of nitrogen gas. 

I 

Step 6: Acylation with Carfaoxylic Acid. 

The resin is prepared in step 5 above is swelled in l-methyl-2-pyTrolidinone and 3,4- 
15 dichlorobenzoic acid (20.0 mmol) and l-[3-(dimethylamino)propyI]-3-ethylcarbodiimide hydrochloride 
(20.0 mmol) are added sequentially. The reaction mixture is stirred overnight at ambient temperature. 
The liquid is then removed and the resin is washed with dimethylformamide (2x), dichloromethane 
(3x),and dietfiyl ether (Ix) and dried overnight vnth a stream of nitrogen gas. 

20 Step 7: Cleavage. 

The resin prepared in step 6 above is cleaved with 50% trifluoroacetic acid in dichloromethane 
for one hour to yield the title compound (99.5% pure by ELSD). Ejqjected product MW is 497. 
Observed product MW is 497. 

25 Example 4 

Preparation of N-butvl l-phenvlsulfopvl-4-(/m-butvlacetvl)pipafazine-2-carfaoxamide. 
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Step 1 : Reductive Amination on the BAL resin. 

BAL resin is swelled in a 1% acetic acid in dimethylformamide solution. Butylamine (20.0 
mmol) and sodium triacetoxyborohydride (20.0 mmol) are added sequentially. The reaction mixture is 
stirred at ambient temperature for 6.5 hours. The liquid is then removed and the resin is washed with 1:1 
5 dimethylformamide/methanol (2x), dimethylformamide (2x), dichloromethane (3x) and diethyl etiier 
(Ix) and dried overnight with a stream of nitrogen gas. 

Step 2: Acylation with l-AUoc-4-Fmoc-Piperazine-2-carix>xvlic acid. 

Dimethylformamide is added to swell the resin prepared in step 1 above. l-Alloc-4-fmoc- 
10 piperazine-2-carboxylic acid (180.0 mmol) is dissolved in dimethylformamide and sdded to the resin. O 
13 Benzotriazol-l-yI-iV,i\r,i\r,Ar'-tetramethyluroniimi hexafluorophosphate (180.0 mmol) and 

i diisopropylethylamine (360.0 mmol) are then added sequentially. The reaction mixture is stirred at 

ambient temperature for 6.5 hours. The liquid is removed and the resin is washed with 
! i dimethylformamide (3x), dichloromethane (3x) and dieAyl ether (Ix) and dried overnight with a stream 

15 of nitrogen gas. 
i:3 ■ 

m 

; « Step 3: Fmoc Deprotection. 

u Dimethylformamide and piperidine are added to the above resin prepared in step 2 above and the 

reaction mixture is stirred at ambient temperature for 3 .5 hours. The liquid is then removed and the resin 
20 is washed with dimethylformamide (3x), dichloromethane (3x), and diethyl ether (Ix) and dried 
overnight with a stream of nitrogen gas. 

Step 4: Acylation with Carboxylic Acid. 

The resin prepared in step 3 above is swelled in l-methyl-2-pyrrolidinone. JerZ-butyl acetic acid 
25 (20.0 mmol) and l-[3-(dimethylamino)propyl]-3-e1hylcarbodiimtde hydrochloride (20.0 mmol) are 
added sequentially and the reaction mixture is stirred overnight at ambient temperature. The liquid is 
then removed and the resin is washed with dimethylformamide (2x), dichloromethane (3x)and diethyl 
edier ( Ix) and dried overnight with a stream of nitrogen gas. 

30 Step 5: Alloc Deprotection. 

Tetrahydrofiuan, dimethylsulfoxide and 0.5N hydrochloric acid (2:2: 1) are added to the resin 
prepared in step 4 above. The reaction flask is flushed with nitrogen and Pd(Ph3P)4 (6.98 mmol) and 
morpholine (2500 mmol) are added sequentially. The reaction mixture is stirred overnight under a flow 
of nitrogen gas. The liquid is dien removed and the resin is washed with tetrahydrotiiran (2x), sodium 
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diethyldithiocarbamate [0.02M in dimethylformamide] (2x), dimethylformamide (2x), 0.5% 
diisopropylethylamine in dichloromethane (Ix), dichloromethane (3x) and diethyl ether (Ix) and dried 
ovemi^t with a stream of nitrogen gas. 

5 Step 6: Sulfonamide formation. 

The i«sin prepared in step 5 above is swelled in anhydrous dichlorometfiane and N- 
methylmorpholine (50.0 mmol) and benzene sulfonyl chloride (50.0 mmol) are added sequentially. The 
reaction mixture is stirred overnight at ambient temperature. The liquid is removed and the resin is 
washed with dimethylformamide (2x), tetrahydrofiiran ( Ix), dichloromethane (2x),and diethyl ether ( 1 x) 

^ 1 0 and dried overnight with a stream of nitrogen gas. 

,3 ■ . 

^ Step 7: Cleavage. 

S The resin is cleaved with 50% trifluoroacetic acid in dichloromethane for one hour to yield the 

title compound (93.4% pure by ELSD). Expected product MW is 423. Observed product MW is 423. 



Step 1: Loading of Bromo-acid (Yamaguchi Method). 

4-{BromomethyI)phenylacetic acid (529 mg, 2.34 mmol) is poured into 5 ml of 
dimethylformamide. Pyridine (170 ui, 2.125 mmol) and 2,6-dichlorobenzoylchloride(301ul, 2.125 
mmol) are then added and the mixture is shaken for 1 hour. Wang resin (loading 1 .7 mmol/g) is added 
25 and the mixture is shaken overnight. The liquid is tiien removed and the resin is washed witii 

dimethylformamide (3x), tetrahydrofiiran (3x), dichlorometiiane (3x), and diethyl ether (2x) and dried in 
vacuo. 



15 



Example 5 



Preparation of N-2-(4-benzenesulfonamido)ethYl l-(p-toluenesuIfonvl)-4-(4- 
carboxvmethvlphenvlmetfavl)piperazine-2-carboxamide. 




20 
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Step 2: Alkylation with l-Alloc-2-carboxvpiperidme. 

The resin prepared in step 1 above (4.6g, 7.82 mmol) is suspended in dimethylformamide (15 
ml) and l-AlIoc-2-carboxypiperidine.trifluoroacetic acid salt (2.7 Ig, 23.4 mmol), potassium iodide (458 
mg, 23.4 mmol) and diisopropylethylamine (2.89 ml, 45 mmol) are added. This reaction mixture is 
heated overnight at 80 The liquid is removed and the resin is washed with dimethylformamide (3x), 
tetrahydrofliran (3x), dichloromethane (3x), and diethyl eth^ (Ix). 

Step 3: Amide Bond Formation. 

The resin pr&pared in step 2 is swelled in dimethylformamide (300 ml). 
Diisopropylcarbodiimide (4.79ml) and pentafluorophenol (5.63 g) are added and the reaction mixture is 
stirred at ambient temperature for for two hours, llie liquid is removed and the resin is washed with 
dimediylformamide (2x). Hie resin is again suspended in dimethylfonnamide(300 ml) and 4-(2- 
aminoethyi)benzenesulfonamide (10 eq., 20.4 mmol) is added and die reaction mixture is stirred at 
ambient temperature overnight. The liquid is removed and the resin is washed with dimethylformamide 
(3x), tetrahydrofiiran (3x), dichloromethane (3x), and diethyl ether (Ix) and dried overnight with a 
stream of nitn^en. 

Step 4: Alloc Deprotection. 

Tetrahydrofiiran, dimethylsulfoxide, and 0.5N hydrochloric acid (2:2:1) are added to the resin 
prepared in step 3. The reaction flask is flushed with nitrogen and Pd(Ph3P)4 (8.06 g, 6.98 mmol) and 
morpholine (218 ml, 2500 mmol) are added sequentially. The reaction mixture is stirred overnight under 
a flow of nitrogen gas. The liquid is then removed and the resin is washed with tetrahydrofiiran (2x), 
sodium diethyldithiocarbamate (0.02M in dimethylformamide) (2x), dimethylformamide (2x), 0.5% 
diisopropyletfiylamine in dichloromethane (Ix), dichloromediane (3x) and diethyl ether (Ix) and dried 
overnight with a stream of nitrogen gas. 

Step 5: Sulfonamide formation. 

The resin prepared in step 4 is swelled in a mixture of dichloromethane:p3rridine (1350 ml 
dichloromediane:150 ml pyridine). /^-Toiuenesulfonyl chloride (10 eq, 42.5 mmol) is added and die 
reaction mixture is stirred overnight at ambient temperature. The liquid is then remvoed and the resin is 
washed with dimethylf(HTnamide(3x), tetrahydroiuran(2x), dichloromethane(3x), and ether (Ix) and 
dried overnight with a stream of nitrogen gas. 

Step 6: Cleavage. 
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The resin prepared in step 5 is cleaved with 50% trifluoroacetic acid in dich)<xoniethane for one 
hour to yield the title compound (85.8% pure by ELSD). Expected product MW is 614. Observed 
product MW is 614. 

Example 6 

Preparation of N-3-(pvrroiidin-2-one-l-vl)propvl l-(jP-toluenesuIfonv!M-r2-(2- 
carfaoxvpviTolidinvl)ethaD-2-one- 1 -vl1piperazine-2-carboxamide. 




Step 1: Loading of Fmoc- Amino Acid. 

Wang resin (150 mg, 0.255 mmol) is suspended in dichloromethane (2 ml). Fmoc-proline (5 eq, 
1.25 mmol) is added, followed by diisopropylcarbodiimide (200 ui, 1.25 mmol) and 4- 
dimethylaminopyridine (6.4 mg, 0.052 mmol) and the reaction mixture is shaken overnight. The liquid 
is removed and Ifae resin is washed with dichloromethane (2x), dimethylformamide (3x), tetrahydrofuran 
(3x), dichloromethane (3x), and diethyl ether (2x) and dried in veunto. 

Step 2: Removal of finoc group . 

The lesin prepared in step 1 (150 mg, 0255 mmol) is suspended in a mixture of piperidine and 
dimethylformamide (1:1) and the reaction mixture is shaken overnight. The liquid is removed and tihe 
resin is washed with dichloromethane (2x), dimethylformamide (3x), tefrahydrofuran (3x), 
dichloromethane (3x) and diethyl ether (2x) and dried in vacuo. 

Step 3: Coupling with bromoacetic acid. 

The resin from step 2 (100 mg, 0.17 mmol) is suspended in dichloromethane (10 ml). 
Bromoacetic acid (1 .7 mmol) and diisopropylcarbodiimide (267 ul, 1 .7 mmol) are added and the reaction 
mixture is shaken ovemi^t. The liquid is removed and the resin is washed with dichlc»omethane (2x), 
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dimethylfonnamide (3x), tetrahydroiuran (3x), dichloromethane (3x) and diethyl ether (2x) and dried in 
vacuo. 



Step 4: Aikylation with l-alloc-2-carboxy-piperidine. 
5 The resin prepared in step 3 {4.6g, 7.82 mmol) is suspended in dimethylfonnamide (15 ml). 1- 

Alloc-2-carboxy-piperidine.trifluoroacetic acid salt (2.71 g, 23.4 mmol), potassium iodide (458 mg, 23.4 
mmol) and diisopropylethylamine (2.89 ml, 45 mmol) are added and the reaction mixture is heated 
overnight at 80 °C. The liquid is removed and the resin is washed with dimethylfonnamide (3x), 
tetrahydrofiiran (3xX dichlorometiiane (3x), and diethyl etiier (Ix). 

10 

Step 5: Amide Bond Formation. 

The resin prepared in step 4 is swelled in dimethylfonnamide (300mL). 
Diisopropylcarbodiimide (4.79ml) and pentafluorophenol (5.63 g) are added and the reaction mixture is 
stirred at ambient temperature for two hours. The liquid is removed and the resin is washed with 
15 dimethylfonnamide (2x). The resin is again suspended in dimediylformamide(300 ml) and N-(3- 

aminopropyl)-2-pyrrolidinone (10 eq., 20.4 mmol) is added. The reaction mixture is stirred at ambient 
temperature overnight. The liquid is then removed and the resin is washed witii dimediylformamide 
(3x), tetrahydrofuran (3x), dichloromethane (3x) and diethyl edier (Ix) and dried overnight with a stream 
of nitrogen. 

20 

Step 6: alloc deprotection. 

Tetrahydrofuran, dimethylsulfoxide, and 0.5N hydrochloric acid (2:2: 1 ) are added to the resin 
prepared in step 5. The reaction flask is flushed with nitrogen. Pd(Ph3P)4 (8.06 g, 6.98 mmol) and 
morpholine (218 ml, 2500 mmol) are added sequentially and the reaction mixture is stirred overnight 
25 under a flow of nitrogen gas. The liquid is then removed and the resin is washed widi tetrahydrofuran 
(2x), sodium dietfayldithiocari}amate (0.02M in dimediylformamide) (2x), dimethylformamide (2x), 
0.5% diisopropylethylamine in dichloromethane ( 1 x), dichloromethane (3x) and diethyl ether ( Ix) and 
dried overnight witii a stream of nitrogen gas. 



30 Step 7: sulfonamide formation. 

The resin prepared in step 6 is swelled in dichl<MX)metfiane/pyridine (1350 ml 
dichloromethane: 150 ml pyridine). P-toluenesulfonyl chloride (10 eq, 42.5 mmol) is then added and the 
reaction mixture is stirred overnight at ambient temperature. Hie liquid is Hi&i removed and the resin is 
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washed with dimethylfonnmnide(3x), tetrahydrofuran(2x), dichloromethaneCSx) and diethyl ether (Ix) 
and dried overnight with a stream of nitrogen gas. 

Step 8: Cleavage. 

5 The resin is cleaved with 50% trifluoroacetic acid in dichloromethane for one hour to yield the 

title compound (82.5% pure by ELSD). Expected product MW is 563. Observed product MW is 563. 

Example 7 

10 Preparation of Imida2ori^-a1pvrazine-7(lHVcarboxylic acid, 2(4-methoxvphenyl)hexahvdro-1.3-dioxo- 

,etyl ester. 



I 

O 




15 Step 1 : Reductive Amination on the BAL resin. 

BAL resin is swelled in a 1% acetic acid in dimethylformamide solution. Beta-Alanine-tertbutyl 
ester hydrochloride (20.0 mmol) and sodium triacetoxyborohydride (20.0 mmol) are added sequentially. 
The reaction mixture is stirred at ambient temperature for 6.S hours. The liquid is then removed and the 
resin is washed with 1:1 dimethylformamide/methanol (2x), dimethylformamide (2x), dichloromethane 

20 (3x) and diethyl ether ( 1 x) and dried overnight with a stream of nitrogen gas. 

Step 2: Acvlation with l-Alloc-4-Fmoc-piperazine-2-carboxvlic acid. 

Dimethylfoimamide is added to swell the resin prepared in step 1 above. I-Aloc-4-finoc- 
pipeTazine-2-carboxylic acid (1 80.0 mmol) is dissolved in dimethylformamide and added to the resin. O- 
25 Benzotriazol-l-yl-iV;A';iV^,i\^'-tetramethyloFoniumhexafluoFophosphate( 180.0 mmol) and 

diisopropylethylamine (360.0 mmol) are then added sequentially. The reaction mixture is sthied at 
ambient temperature for 6.5 hours. The liquid is removed and the resin is washed with 
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dimethylfoimamide (3x), dichloromethane (3x) and diethyl etiier (Ix) and dried overnight with a stream 
of nitrogen gas. 

Step 3: Fmoc Deprotection. 

5 Dimethylformamide and piperidine are added to the above resin prepared in step 2 above and the 

reaction mixture is stirred at ambient temperature for 3.5 hours. The liquid is then removed and the resin 
is washed with dimethylformamide (3x), dichloromethane (3x), and diethyl ether (Ix) and dried 
overnight with a stream of nitrogen gas. 

10 Step 4: Carbamate formation. 
i;3 The resin prepared in step 3 above is swelled in anhydrous dichloromethane. DIEA (50.0 mmol) 

and ethyl chloroformate (50.0 mmol) are then added sequentially. The reaction mixture is stirred 
II overnight at ambient temperature. The liquid is then removed and the resin is washed witii 

I II dimethylformamide (2x), tetrahydrofiiran (Ix), dichloromethane (2x)^d diethyl edier (Ix) and dried 

i "^ 15 overnight with a stream of nitrogen gas. 

Step 5: Alloc Deprotection. 

■^^I Tetrahydrofuran, dimethylsulfoxide and 0.5N hydrochloric acid (2:2: 1 ) are added to the resin 

!;3 prepared in step 4 above. The reaction flask is flushed with nitrogen and Pd(Ph3P)4 (6.98 mmol) and 

* 20 morpholine (2500 mmol) are added sequentially. The reaction mixture is stirred overnight under a flow 
of nitrogen gas. The liquid is then removed and the resin is washed with tetrahydrofuran (2x), sodium 
diethyldithiocarijamate [0.02M in dimethylformamide] (2x), dimethylformamide (2x), 0.5% 
diisopropyletiiylamine in dichloromethane (Ix), dichloromethane (3x) and diethyl ether (Ix) and dried 
overnight with a stream of nitrogen gas. 

25 

Step 6: Urea fOTmation 

The resin prepared in step 5 above is swelled in anhydrous dichJoFomethane. 4-Methoxyphenyl 
isocyanate (20.0 mmol) is added. Hie reaction mixture is stirred ov^night at ambient temperature. The 
liquid is then removed and the resin is washed with dimethylformamide (2x), dichloromeftane (3x),and 
30 diethyl edier ( Ix) and dried overnight with a stream of nitrogen gas. 



Step 7: Cleavage. 

The resin prepared in step 6 above is cleaved with 50% trifluoroacetic acid in dichloromethane 
for one hour and concentrated down to yield a 3 to 1 ratio of cyclized title compound to uncyciized 
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precursor. This product is redissolved up into dichloromethane to give a dilute solution. A few drops of 
trifluoroacetic acid are added to catalyze the cyclizatton. The reaction is stirred at ambient temperature 
for 3 days. The title compound (89% pure by LC) is obtained upon concentration. Expected product 
MW is 333. Observed product MW is 333. 



Example 8 

Preparation of a 10.000 Member Pipera2ine-2-Carboxamide Library 




Ten thousand single compounds are prepared in two full matrix libraries of 5000 compounds 
each. Eighteen amines, Wang resin, and Rink amide resin are used at the R' postion of the scaffold. 
Iliese same twenty inputs are used for both of the 5000 member libraries. For one library, twenty 
carboxylic acids, four chloroformates and a Boc group (to yield a free amine upon deprotection) are 
loaded onto the scaffold at the R^ position. Five isocyanates, four sulfonyl chlorides and a free amine are 
used at the R^ position. For the other library, five isocyanates and five sulfonyl chlorides are reacted at 
the R^ position. Twenty carboxylic acids, four chloroformates and a free amine are used at the R^ 
position. 

Reductive Amination on the BAL Resin: 

The library is constructed as two full matrix libraries of 5000 compounds each. For each half of 
the library: 
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For each amine, 250 MicroKans™ (each MicroKan™ contains 1 0 mg of 1 .0 mmol/g loaded BAL 
resin) are placed into a 1 .0 L 3-necked round bottom flask fitted with an overhead stirrer. TTie resin in 
the MicroKans™ is swelled in 1% acetic acid/dimethylformamide (300 ml). The air bubbles in the 
MicroKans™ are removed by placing the round bottom flask under vacuum. The amine (20.0 mmol) and 
5 sodium triacetoxyborohydride (4.24 g, 20.0 mmol) are added sequentially. The reaction is stirred at 
ambient temperature for 6.5 hours. Each is dien individually drained and washed with 
dimethylformamide (Ix). All of the MicroKans™ are then combined and washed with 1 : 1 
dimethyiformamide/methanol (2x), dimethylformamide (2x), dichloromethane (3x) and diediyl edier 
( 1 x). The kans are then dried overnight with a stream of nitrogen gas. 

10 

Acylation of Reductively Aminated BAL Resin wifli l-A]loc-4-Fmoc-Piperazine-2-Carboxvlic Acid 
(9000 kans). 

For each half of the library: 

The 4500 MicroKansTM previously reacted with amines are placed into a 12 L 3-necked round 
1 5 bottom flask fitted with an overhead stirrer. Dimethylformamide (4.5 L) is added to swell the resin in 
the MicroKans. l-Alloc-4-imo&-piperazine-2-carlx>}^lic acid (78.6 g, 180.0 mmol) is dissolved in 
dimethylformamide (500 ml) and added to the MicroKans. 0-Ben20triazol-l-yI-iV,A/;A'",Ar- 
tetramethyluronium hexafluorophosphate (68.3 g, 180.0 mmol) and diisopropyiethylamine (62.7ml, 360.0 
mmol) are then added sequentially. The reaction mixture is stirred at ambient temperature for 6.5 hours. 
20 The solution is drained off and the MicroKans are washed with dimethylformamide (3x), 

dichloromethane (3x) and diethyl ether (Ix). The MicroBLans are dried overnight with a stream of 
nitrogen gas. 

Acylation of Wang resin with l-Alloc-4-Fmoc-Piperazine-2-Carboxvlic Acid (500 kans). 
25 Wang resin (5.0 g of 1 .7 mmol/g loaded resin fittm Polymer Labs) is swelled in anhydix>us 

dichloromethane (SO ml). l-Alloc-4-finoc-Piperazine-2-cariK)xylic acid (7.42 g, 17.0 mmol), 

diisopropylcarbodiimide (2.67 ml, 17.0 mmol) and 4-danethylaminopyridine (021 g, 1 .70 mmol) are 

added sequentially. The reaction is then stirred overnight at ambient temperature on an oii>ital shaker. 

The reaction solution is drained off and the resin is washed with dichloromethane (2x), 
30 dimethylfonnamide (4x), dichloromethane (4x), tetrahydrofuran (4x) and diethyl ether (4x) and dried m 

vacuo. IR analysis is used to confirm Ifae loading of the scaffold. This resin is then loaded into 500 

MicroKans. 

Acylation of Rink Amide Resin With l-Alloo-4-Fmoc-Piperazine-2-Carboxvlic Acid (500 kans). 
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Fmoc-Rink Amide resin (1 1 .0 g of 0.78 mmol/g loaded resin from Advanced Cheratech) is 
deprotected with 1 :1 dimethylformamide/piperidine for 3 hours. The reaction solution is drained off and 
the resin is washed with dimethylformamide (4x), tetrahydrofiiran (4x), diethyl ether (3x) and anhydrous 
dimethylformamide (3x). Anhydrous dimethylformamide (120 ml) is then added to the resin. l-Alloc-4- 
fmoc-Piperazine-2-carboxylicacid (14.98 g, 34.32 mmol), 0-Benzotria2Jol-l-yl-N.N.N',N'- 
tetrametityluronium hexafiuorophospfaate (13.0 g, 3432 mmol) and diisopropyletfaylamine (12.0 ml, 
68.64 mmol) are added sequentially. The reaction mixture is stirred on an orbital shaker at ambient 
temperature overnight. Hie reaction solution is drained off and the resin is washed with 
dimethylformamide (4x), dichlorometfaane (4x), tetrahydrofuran (4x), and diethyl ether (4x) and dried in 
vacuo. IR analysis is used to confirm the loading of the scaffold. This resin is then loaded into 500 
MicroKans. 

Fmoc Deprotection. 

For each half of the library: 

Hie 5000 MicroKans are placed into a 12 L 3-necked round bottom flask fitted with an overhead 
stirrer. Dimethylformamide (2.5 L) and piperidine (2.5 L) are added to the MicroKans. The reaction is 
stirred at ambient temperature for 3.5 hours. The reaction solution is then drained off and the MicroKans 
are washed with dimethylformamide (3x), dichloromethane (3x), and diethyl ether (Ix), The MicroKans 
are lhen dried overnight with a stream of nitrogen gas. 

Acylation with Carboxylic Acids. 

For each carboxylic acid, 200 MicroKans are placed in a one liter 3-necked round bottom flask 
fitted with an overhead stirrer. The resin in the kans is swelled in l-methyl-2-pyrrolidinone (300 ml). 
The carboxylic acid (20.0 mmol) and l-[3-(dimethyiamino)propyl]-3-ediylcarbodimiide hydrochloride 
(3.83 g, 20.0 mmol) are added sequentially and the reaction is stirred overnight at ambient temperature. 
Each MicroKan''^ is then individually dnuned and washed once with dimethylformamide. All of the 
MicroKans from each acid are then combined and washed with dimediylformamide (2x), 
dichloromethane (3xXand diethyl ether (Ix). The MicroKans™ are then dried overnight with a stream of 
nitrogen gas. 

Acylation with Chloroformates: 

For each chloroformate, 200 MicroKans™ are placed into a one liter 3-necked round bottom 
flask fitted with an overhead stirrer. The resin in the MicroKans™ is swelled in anhydrous 
dichlorome^ane (300 ml), diisopropylethylamine (3.5 ml, 20.0 mmol) and the chloroformate (20.0 
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mmol) are then added sequentially. The reaction is stined overnight at ambient temperature. Each 
MicroKan™ is then individually drained and washed once witii dimetiiylformamide. AH of the 
MicroKans™ from each chioroformate are then combined and washed with dunethylformamide (2x), 
dichloromethane (3x) and diethyl ether (Ix). The MicroKans™ are then dried overnight witii a stream of 
5 nitrogen gas. 

Urea formation with Isocyanates: 

For each isocyanate, SOO MicroKans'"^ are placed into either a two or three liter 3-necked round 
bottom flask fitted with an overhead stirrer. The resin in the MicroKans™ is swelled in anhydrous 
10 dichloromediane (600 ml). The isocyanate (SO.O mmol) is then added neat. Hie reaction is stirred 
overnight at ambient temperature. Each MicroKan™ is then individually drained and washed with 
dimethylformamide (3x). All of the MicroKans™ from each isocyanate are tiien combined and washed 
with dimethylformamide (2x), tetrahydrofiiran (Ix), dichlortmietfaane (2x), and diethyl ether (Ix). The 
MicroKans™ are then dried overnight witii a stream of nitrogen gas. 

15 

Sulfonamide formation: 

For each sulfonyl chloride, SOO MicroKans™ are placed into either a two or three liter 3-necked 
round bottom flask fitted with an overhead stirrer. The resin in the MicroKans™ is swelled in anhydrous 
dichloromethane (600 ml). N-methylmorpholine (5.5 ml, 50.0 mmol) and the sulfonyl chloride (50.0 
20 mmol) are then added sequentially. The reaction is stirred overnight at ambient temperature. Each 
MicroKan™ is then individually drained and washed with dimethylformamide (3x). All of the 
MicroKans™ from each sulfonyl chloride are then combined and washed with dimethylformamide (2x), 
tetrahydrofruan (Ix), dichloromethane (2x),and diethyl ether (Ix). The MicroKans™ are then dried 
ovonight with a stream of nitrogen gas. 

25 

Alloc Deprotection: 

Fc»- each half of the library: 

The 5000 MicroKans™ are placed into a 12 L 3-necked round bottom flask fitted with an 
overhead stirrer. Tetrahydrofiiran (2L), dimethylsulfoxide (2L), and 0.5N hydrochloric acid (XL) are 
30 added to the MiooKans™. The reaction flask is tiien flushed with nitrogen. Pd(Ph3P)4 (8.06 g, 6.98 
mmol) and morphoiine (218 ml, 2500 mmol) are added sequentially. The reaction is stirred overnight 
under a flow of nitrogen gas. The reaction flask is drained and tiie MicroKans™ are wa^ed with 
tetrahydrofiiran (2x), sodium dietfayldithiocarfoamate (0.02M in dimethylformamide) (2x), 
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dimetfaylformamide (2x), 0.5% diisopropylethylamine in dichloromediane (Ix), dichlorometfaane (3x), 
and diethyl ether (Ix). The MicroKans™ are then dried overnight with a stream of nitrogen gas. 

Cleavage: 

The three different resins used in this library are separated. The 9000 MicroKans™ containing 
BAL resin are clipped with 50% trifluoroacetic acid in dichloromethane for one hour. The 500 
MicroKans™ containing Wang resin are clipped with 30% trifluoroacetic acid in dichloromethane for 
one hour. The 500 MicroKans^ containing Rink amide resin are clipped with 10% trifluoroacetic acid 
in dichloromethane for one hour. All of the above cleav^e solutions contained a small amount of water. 
99+% spectrophotometric grade trifluoroacetic acid is used. The cleavage plates are then concentrated 
down in a Savant from 25 to 43 degrees centigrade. 

Representative reagents suitable for use in tiie foregoing library sj'ntiiesis are listed in Tables 1, 2 

and 3. 
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Table 1 



Entry 


Resin 


R^NHj 


Entry 


Resin 


R*NH2 


1 


BAL 


o 


11 


BAL 


OH 


2 


BAL 


w 


12 


BAL 


C3H 


3 


BAL 




13 


BAL 


cm 

^^^a . 


4 


BAL 




14 


BAL 




5 


BAL 


P 

H,C 


15 


BAL 


CH 


6 


BAL 




16 


BAL 




7 


BAL 




17 


BAL 


O »" 

CHfi CM, 


8 


BAL 




18 


BAL 




9 


BAL 


— >Qu 


19 


RINK- 
Amide 




10 


BAL 




20 


Wang 
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Table 2 



Entry 


R^COzH; 
R^SOiCl; 

r^^'nco 


Entry 


R"C02H; 
R^SOzCI; 
R^CO 


Entry 


R"C02H; 
R^SOjCI; 
R^NCO 


1 


BOC 


14 


H,C 


27 


H,C'^C^N'''\^OH 


2 




15 




28 




3 




16 




29 




4 




17 


N OH 


30 




5 




18 




31 


O 


6 


a 


19 




32 


NCO 

V 

a 


7 




20 




33 


? 

o=s=o 

6:> 


8 


OCN 


21 


CI ^ CH, 


34 


^ ^—^ OH 


9 




22 


N OH 


35 




10 




23 
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Entry 


R^COjH; 
R^SOiO; 
R»NCO 


Entry 


R^COaH; 
R^'SOaQ; 
R'^NCO 






11 


o 


24 


0..P 






12 




25 








13 


9^ 


26 
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Entey 


R^COiH; 
R^SOjO; 
R^NCO 


Entry 


R^COzH; 
R^O^Q; 
R^CO 


Entry 


R^'COjH; 
R^SOja? 

r"nco 


1 


H 


14 


O OH 


27 




2 




15 




28 




3 


HO 


16 


o a 


29 




4 




17 




30 




5 


HO 


18 


O CH, 


31 


HO 


6 





19 




32 




7 




20 




33 


a. 


8 




21 


OH 
CH, 


34 


HjC^Aj' 
CH, 


9 




22 








10 




23 








11 




24 
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Entry 


R^SOzCl; 
R"NCO 


Entry 


R^COJS; 
R^^SOjQ; 
R^NCO 






12 




25 








13 




26 









Example 9 

Preparation of a 5.000 Member Piperazine-2-Caifeoxa mide Library 



H/<— R— CH^ 



DC-Mn 1C5-IN KS-ril K5-N 

ayN R-O^N N-L, 



Bi-funcdonal pieces containing a handle (carboxylic acid, amine) and a balide aie loaded on 
Wang resin and then alkylated with 6. Bromo - or - Chloro carboxylic acids are loaded on Wang resin 
using either the Yamaguchi Method (2,6 dichlorobenzoyl chloride) or by conversion to the acid chloride. 
Alternatively Fmoc-amino acids are loaded on Wang resin with diisopropylcaxfaodiimide-4- 
dimethylaminopyridine, the Fmoc group is removed and the free amine is acylated with bromo or chloro 
carboxylic acids. Symmetrical diamines are also loaded on the nitrophenol carbonate derivative of Wang 
and acylated with bromo or chloro carboxylic acids. The carboxylic acid is then reacted with amines in a 
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second combinatorial step and after removal of the alloc group the third combinatorial step consists of 
acylation, sulfonylatton or urea formation. 

Loading of Bromo-acids: Yamaguchi Method. 
5 4-(Bromomethyl)phenylacetic acid (529 mg, 2.34 mmol) is poured into 5 ml of 

dimethylformamide. Pyridine (170 ul, 2.125 mmol) and 2,6-dichlorobenzoyIchloride (301ul, 2.125 
mmol) are then added. The mixture is shaken for 1 hour and then Wang resin (loading 1 .7 mmol/g) is 
added to the mixture. The reaction mixture is shaken overnight The reaction mixture is then drained 
and the resin is washed witfi dimetiiylformamide (3xX tetrahydrofuran (3x), dichloromethane (3x), and 
10 diethyl ether (2x) and dried m vacuo. 

Loading of Acid Chlorides. 

In a flask flushed with nitrogen, the acid {5.5eq, 2.34 mmol), and oxalyl chloride (3 ml, 6.02 
mmol) are mixed in dichloromethane (10 ml). One drc^ of dimethylformamide is added. The mixture is 
15 stirred for one hour. The solvent and the oxalyl chloride are removed by evaporation. The acid chloride 
is dried overnight in vacuo. 

The acid choride is dissolved in 9 ml of dichloromeAane/pyridine (9:1 ). Wang resin (loading 
1 .7 mmol/g) is added and the mixture is shaken overnight. The mixture is drained and the resin is 
washed with dimettiylformamide (3x), tetrahydrofuran (3x), dichloromethane(3x), and diethyl ether (2x) 
20 and dried in vacuo. 

Loading of Fmoc- Amino Acids and couplig to bromo acids: diisopropvlcarbodiimide/4- 
dimethylaminopyridine. 

Wang resin (1 50 rag, 0.255 mmol) is suspended in dichloromethane (2 ml). The acid (5 eq, 1 .25 
25 mmol) is added, followed by diisopropyicarbodiimide (200 ul, 1 .25 mmol) and 4-dimethylaminopyridine 
(6.4 mg, 0.052 mmol). The mixture is shaken overnight. The mixture is drained and the resin is washed 
with dichlorometfiane (2x), dimethylformamide (3x), tetrahydrofuran (3x), dichloromethane (3x) and 
etho- (2x) and dried in vacuo. 

30 Removal of Fmoc group : 

The resin (1 50 mg, 0.255 mmol) is suspended in piperidine/dimethylfonnamide (1:1) and the 
mixture is shaken overnight. The mixture is drained and the resin is washed with dichlcoomethane (2x), 
dimetihylformamide (3x), tetrahydrofuran (3xX dichloromethane (3x) and diethyl ether (2x) and dried in 
vactto. 
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Loading of Symmetrical Diamines: 

Nitrophenol carbonic resin (50 mg, .08 mmol) is su^nded in 1 ml of dimetfaylformamide. The 
diamine (0.8 mmol) is added and the mixture is shaken overnight at ambient temperature. The mixture is 
drained and the resin is washed with dimethylfonnamide(3x), tetrahydrofiuan(3x), dichloromethane(3x) 
and diethyl ether (2x). 

Coupling 

The resin (100 mg, 0.1 7 mmol) is suspended in dichtoromethane (10 ml). "Hie bromoacid (1.7 
mmol) and diisopropylcarbodiimide (267 ul, 1 .7 mmol) are added and the mixture is shaken overnight. 
The mixture is drained and the resin is washed with dichlorcanethane (2x), dimethylfonnamide (3x), 
tetrahydrofuran (3x), dichloromethane (3x), and ether (2x) and dried m vacm. 

Alleviation with pipera2ine-2-carfaoxamide scaffold: 

The resin prepared as described above (4.6g, 7.82 mmol) is suspended in dimethylformamide (15 
ml). l-AUoc-2-carboxy-piperidine.tri£luoroacetic acid salt (2.71g, 23.4 mmol), potassium iodide (458 
mg, 23.4 mmol) and diisopropyleAylamine (2.89 ml, 45 mmol) are added and the reaction mixture is 
heated overnight at 80 °C. The reaction mixture is drained and the resin is ^^hed with 
dimediylformamide (3x), tetrahydrofuran (3x), dichloromethane (3x), and diethyl ether (Ix). 

Amide Bond Formation: 

The library is constructed as one full matrix library of 5 1 00 compounds. 

For each amine, 402 MicroKans™ (each MicroKan™ contains 6 mg of 1 .7mmol/g loaded resin) 
are placed into a 1 .0 L 3-necked round bottom flask fitted with an overhead stirrer. The resin in the 
MicroKans™ is swelled in dimethylformamide solution (300mL). Diisopropylcarbodiimide (4.79ml) 
and pentafluorophenol (5,63 g) are added and the mixture is stirred at ambient temperature for two hours. 
Each reaction mixture is drained and the MicroKans™ are washed with dimethylformamide (2x). The 
MicroKans™ in each round bottom flask are again suspended in dimetfaylfbimamide(300 ml) and Hie 
corresponding amine (10 eq., 20.4 mmol) is added to each vessel. If the HCt sah of the amine is utilized, 
1 0 eq. of diisopropylethylamine is added. The reaction mixture is allowed to stir at ambient temperature 
overnight. Each MicroKan™ is individually drained. All of the MicroKans™ are then combuied and 
washed wilb dimetfaylformamide (3x), tetrahydrofuran (3x), dichloromethane (3x), and ether (Ix). The 
kans are dried overnight with a stream of nitrogen. 
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Alloc Deprotection: 

The 5 1 00 MicroKans™ are placed into a 1 2 L 3-necked round bottom flask fitted with an 
overhead stirrer. Tetrahydrofinan (2L), dimethylsuifoxide (2L), and 0.5N hydrochloric acid (IL) are 
added to flie reaction flask. The reaction flask is flushed with nitrt^en and Pd(Ph3P)4 (8.06 g, 6.98 
5 mmol) and morpholine (218 ml, 2500 mmol) are added sequentially. The reaction is stirred overnight 
under a flow of nitrogen gas. The reaction is drained and the MicroKans™ are washed with 
tetrahydrofiiran (2x), sodium diethyldithiocarbamate (0.02M in dimethylformamide) (2x), 
dimethylformaraide (2x), 0.5% diisopropylethylamine in dichloromethane (Ix), dichloromethane (3x), 
and ether (Ix). The MicroKans™ are then dried overnight witfi a stream of nitrogen gas. 

10 

Acylation with Carboxylic Acids: 

For each carboxylic acid, 425 MicroKans™ are placed into either a two or three liter 3-necked 
round bottom flask fitted with an oveihead stirrer. The resin in the MicroKans™ is swelled in 
dimethylformamide (300ml). Diisopropylethylamine (40 eq, 14.81 ml) and Obenzotriazol- 1-yl- 

15 iV,iV:iV,iV-tetramefliyluronium hexafluorophosphate (20 eq, 32.24 g) are added to the vessel. The 
carboxylic acid (20 eq, 85 mmol) is added. The reaction is stirred overnight at ambient temperature. 
Each MicroKan™ is individually drained and washed once with dimethylformamide. All of the 
MicroKans™ are then combined and washed with dimethylformamide (3x), tetrahydrofuran(2xX 
dichloromethane(3x), and diethyl ether (Ix). The MicroKans™ are then dried overnight with a stream of 

20 nitrogen gas. 

Acylation with chloroformates: 

For the one chloroformate, 425 MicroKans™ are placed into a two liter 3-necked round bottom 
flask fitted with an overhead stirrer. The resin in the MicroKans™ is swelled with 

25 dichloromethane/pyridine (1350 ml dichloromethane:150 ml pyridine). The chloroformate (lOeq, 85 
mmol) is added. The reaction is stirred overnight at ambient temperature. Each MicroKan™ is 
individually drained and washed once with dichloromethane. All of the MicroKans™ are then combined 
with the MicroKmis™ reacted with the carbojqrlic acid and washed with dimethylformamide(3x), 
tetrahydrofuran(2x), dichlorometiiane(3x), and ether(lx). The MicroKans™ arc then dried overnight 

30 with a stream of nitrogen gas. 

Sulfonamide formation: 

For each sulfonyl chloride, 425 MicroKans™ are placed into either a two or tiiree liter 3-necked 
round bottom flask fitted with an overhead stirrer. The resin in the kans Is swelled with 
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dichloromediane/pyridine (1350 ml dichlorometfaane:150 ml pyridine). The sulfonyl chloride (10 eq, 
42.5 mmol) is then added. The reaction is stirred overnight at ambient temperature. Each MicroKan is 
individually drained and washed with dimethylformamide(3x), tetrahydrofiiran{2x), 
dichloromethane(3x), and ether (Ix). The MicroKans™ are dried overnight with a stream of nitrogen 
gas. 

Cleavage: 

The 5 1 00 MicroKans™ containing the various 1 7 resins are clipped with 50% trifluoroacetic 
acid in dichloromediane for one hour. The cleavage solutions contained a small amount of water (300ml 
of trifluoroacetic acid, 300 ml of dichloromethane, 10 ml of water). 994% spectrophotometric grade 
trifluoroacetic acid is used. The cleavage plates are then concentrated down in a Savant fix>m 25 to 43 
d^rees centigrade. 

Representative reagents suitable for use in the foregoing library synthesis are listed in Tables 4, 5 

and 6. 
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Table 4 





Entry 


Resin 


HOaC-R'-CHj-X 
HjN-R'-CHi-X 


Loading 
Method 




1 


Wang- 


O 


Loading of 






nitrophenyl 
caibonate 


diamine, 
acylatioo with 
bromoacetic 
acid 




2 


Wang 




Yaniagachi 




3 


Wang- 
nitrophenyl 


O 


Loading of 
dianune. 






caibonate 




acylation with 










bromoacetic 










add 




4 


Wang 


6 - — 

u 


Loading of 
Fmoc-beta 


% 

i 






Br 


alanine, 
depootection, 
acylation with 
p-bromomethyl 
phenyl acetic 
acid. 




5 


Wang- 

nitrophenyl 

caibonate 


UK, O 


Loading of 
diamine, 
acylation with 
bromoacetic 
acid 




6 


Wang- 




Loading of 






nitrophenyl 


diamine. 






carbonate 




acylation with 
p-tH^motn^yl 
phenyl acetic 
acid. 
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7 


Wang- 

nitFophenyl 

carbonate 




Loading of 
diamine, 
acyladon with 
bromoacstic 
acid 


8 


Wang- 

nitrophenyl 

carbonate 




Loading of 

acyiation with 
p-bromomethyl 
phenyl acetic 
acid. 


9 


Wang 


OH Br 




10 


Wang- 

nitrophenyl 

carbonate 


.err- 


Loading of 
diamine, 
acyiation with 
bromoacetic 


11 


Wang- 

nitrophenyl 

carbonate 


Br 


Loading of 
diamine, 
acyiation with 
p4iromometfayI 
I^ienyl acetic 
acid. 


12 


Wang 


O O 


Fmoc-beta 

alanine, 

d^»x)tection, 

coupling with 

chioro-acetic 

acid. 


13 


Wang 




Loading of 
Fmoc-proline, 
deprotection 
and acyiation 
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with 

cfaloroacetic 
acid. 


14 


Wang 


o 


Acid Chloride 


15 


Wang 


0 


Loading of 
Fmoc p- 
aminobenzoic 
acid, 

deprotection, 
acylation with 
chloroacetic 
acid 


16 


Wang 




Yamaguchi 


17 


Wang 

nitrophenyl 

carbonate 


H 


Direct reaction 
of the scaffold 
withnitro- 
pboiyl 
caibonate 



;| Table 5 



Entr 

y 


HNR^R' 


Entry 


HNR*R* 


Entry 


HNR*R* 


1 




9 




17 




2 




10 


"CO 


18 




3 




11 




19 


r 


4 




12 


?^ 


20 
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5 




13 




21 




6 




14 




22 




7 


N — f 


15 




23 


HjC 

Vl-CH, 

H 


8 




16 




24 












25 
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Table 6 



Entry 


R^C02H; 
R^SCMO; 
R^*NCO 


Entry 


R^C02H; 
R^SOZQ; 


Entry 


R^C02H; 
R^S02a; 


1 


FREE AMINE 


5 




9 


CH3 


2 




6 




10 




3 


HO 


7 


HO 


11 


o=s=o 


4 


HO 


8 




12 
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What is claimed is; 

I . A method of preparing a diazacycloalkylcarboxy derivative of foiroula 



wherein 
X is NHR'; 

R' is H, aliphatic or aromatic; 

L' and are independently -Y 'R^ or -Y^R*; 

and are independeniiy aliphatic or aromatic; 
Y' and Y^ are independently -C(0)-. -C(0)0-, -C(0)NR*- or -SOj-; 
R* is H, aliphatic or aromatic; and 



is a S-8 Riembered diazaheterocyclyl ring, 
said method comprising: 
(1) an alkylating process: 

0 L @ L m 

. (2) an acylating process: 



" PCT/USOO/16243 



0- 



-NH 



OH N 



ID 



©-L- 



(3) a process removing one of P' or P', 

(4) a process introducing one of L' or L^. 

(5) a process removing the other of P' or P*, 

(5) a process introducing the other of L' or and 

(6) a process isolating the diazacycloalkylcarboxy derivative, 
wherem 

© 

is a solid support; one of P' or P^ is a base- labile protecting group and the other of P' or P^ is a Metal- 
labile nitrogen protecting group; and L is absent or a linking group provided that L is not 

NO, 
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3. The mefliod of claim 2 wherein P' is a base-labile nitrogen protecting group and P' is a metal- 
labile nitrogen {H'otectiiig group. 



5 



4. The method of claim 3 comprising removing the base-labile nitrogen protecting group P' from 
a resin-bound diprotected diazacycloalkylcarboxy derivative of formula 




P' 



(2) introducing the group L*. 
10 (3) removing the Mctai-labilc nitrogen protecting g^oixp 

(4) introducing Hx group and 

(5) isolating the diazacycloall^lcarboxy derivative. 

5. The method of claim 4 ■wherein die Metal-labile nitrogen protecting groi^ is selected from 

15 allyloxycarbonyl, l-isoprc^ylallyloxycarbony1, cinnamyloxycarbonyl and 4-ratrocimiamyloxycaTbonyi 
and die base-labile nitrogen protecting group is selected from 9-fiuorenylmethoxycarbonyl, 
9-{2-sulfo)fluorenylmethoxycarbonyl and 9-(2,2-dibromo)-fluorcnylmethoxycarbonyl- 

6. The method of claim 5 wherein the Metal -labile nitrogen protecting group is allyloxycarbonyl 
20 and the base-labile nitrogen protecting group is 9-fluorenyImethoxycarbonyl. 



7. 



A method of preparing a diazacycloalkylcarboxy derivative of formula 




wherein 



25 



XisNR'R' 
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Y' is -C(0)-. -C(0)0- or -SOj-; 
2 is -C(0)-OR'"'or.NR"R"; 

R*, R*. R', R'", R" and R" are mdependently H, aliphatic c 
> K' is aliphatic or aromatic; 
R' is aliphatic or aronutic; and 



m 6125— F. 10/13- 



» a 5-8 i]Kml>ered diazaheterocyclyl ring, 
said method coirpnising 
(1) a process o£ 



0^ H-Z'.R^-CH,.Ha ^ 



Z'-R^CHj-Ha 



(2) a process of: 



Z'-R^CHz-Ha 



OH 



0— L 2'-R'-CH2 



(3) a reaction with NHR'R*: 
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6^ IP?. 



o==( 



(S) L Z'.r'-CH2 ^ y 



(4) 3 process removing from a resin-bound diazacycloalkylcaxboxy derivative of f<XRVula 

O, 



©—L-Z'— r'— CHj 



(5) a process introducing the group V, forming a rcsin-bound diazacycloalkylcarboxy derivative 
of formuk 

(S) L Z'-R'-CHj 1^^ \ 

(6) isolating the diazacycloalkylcarboxy derivative I 
wherein 
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^ — ' is a solid support; 
L IS absent or a linking group; 

is a nitrogen protecting group; 
H* is CI. Br, I, or F; 
5 Z' is -0C(0)- or -OC(0)-NR"-; and 
R" is H, aliphatic or aromatic, 

8. The process of claim 7 wherein R* is H- 

10 9. The method of claim 7 iwherein 



1 0. The method of claim 9 «*erein is a base-labile nitrogen protecting group or a Metal-labile 
nitrogen protectmg gro^>. 

15 

1 1 . The method of claim 1 0 wherein is a Metal-labile nitrogtti protecting group selected from 
allyloxycarbonyl, l-i30imq)ylallyIoxycarbonyl, ciimamyloxycarbonyl and 4-nitrocinnamyloxycarbonyl 
and or a base-labile nitrogen protecting group selected from 9-fluoTcnybnethoxycarbonyl, 

9-(2-su lfo)fluorenylmethoxycarbonyl and 9-(2 ,2-dibromo)-fluorenylinethoxycaTbonyl . 

20 

12. The method of claim 1 1 wherein P' is allyloxycarbonyl or 9-fluorenylmethoxycarbonyl, 

1 3 . The method of clami 1 2 wherein P' is allyloxycarbonyl. 
25 14. A method of prepanng a substituted hydantoin of foimula 





whcreii 



L* IS Y*R"; 
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y* is -C(0)-. -C(0)0-, -C(0)NR"- or -SOi-; 

R" is aromatic; and 

R'^ is aliphatic or aromatic; and 

R'^ is H. aliphatic or aromatic; 

g reacting acid with a resiD-bound diazacycloalkyl-2-c3rboxy derivative of fonnuia 



— ^ is a solid sui^sort; 
L is absent a linking groiq>; and 
R'^ is H. aliphatic or aromatic. 



IS. the method of claim I, where 



V° <i>-o^^ G^^o^^ (s^.^^ 
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